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Binding Steel for 
Concrete Highways 


Increased trucking loads make necessary stronger ‘roads, Concrete highways can 
be made stronger by the addition of 1-10 square inch of steel per foot of section, 
which adds 25% to its strength. Hair cracks, caused by extraordinary strains, 
will not open because the steel holds the concrete together. 


Truscon Meshes are especially made for concrete highways, and are furnished 
in two types: Truscon Road Mesh (Diamond mesh expanded metal) and Truscon 
Wire Mesh. Both are large flat sheets, easily handled and placed. The use of 
the Truscon Contraction Joint makes the construction complete and _ perfect. 
Write for literature. 


Trucon  TRUSCON STEEL COMPANY 


“YOUNGSTOWN: OHIO: Siicesin Princivacemes * 


Reinforcing Steel, Metal Lath, Steel Windows, Stee! Buildings, Pressed Steel, Cement Tile, Etc, 
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Asphalt Block Press Will Factory-ize your Paving Plant 


by keeping it busy all year ‘round 

















Do You Know 


{There are no secret or patented mixtures used in §An asphalt block press will double your plant 
making standard asphalt block and tile. efficiency and earning capacity. 
{That ordinary unskilled labor can be employed. {Our press is simple in construction and efficient in 


{Our press can be installed in any asphalt plant am, 
without any alterations. {Manufacturing asphalt blocks is a profitable indus- 
Block paving does not require extensive equipment try and affords extensive operations. 
at scene of work, €Asphalt blocks can be made in addition to your 


regular work, 





{Asphalt block and tile are used for paving streets, 


sidewalks, roads, industrial plant floors, bridges, park- {The cost of repairing block pavements are almost 
walks, etc. nil, 

An asphalt block press will provide work for your Our press will pay for itself within about three 
plant during its idle periods, months, 


National Moulding Press Corp. 


262 Fulton Street Brooklyn, N. Y. 
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Short Span Highway Bridges 





Urban, suburban and rural, Concrete, steel, wood and combination structures. 
Location, requirements, design, financing, construction and maintenance. Su- 
perstructures, substructures and archit=ctural effect. 





Long-span and lofty highway bridges are com- 
paratively infrequent and are so costly that their 
design always warrants expert engineering and 
heavy outlay and generally requires construction 
that makes each bridge a special problem. They 
will therefore be excluded from present considera- 
tion, which will be limited to the vastly greater 
number of short-span bridges for vehicular, pedes- 
trian and electric car service in city, town or coun- 
try. These interest all state, county and munici- 
pal officials, are a vital factor in highway con- 
struction and maintenance, and involve an aggre- 
gate annual expenditure for construction, repairs 
and maintenance that is far in excess of that re- 
quired for the long-span bridges. 


PRIMARY CONSIDERATIONS 


What type of bridge is best suited for a given 
case is dependent on whether it is to provide for 
urban, suburban or rural traffic, on existing traffic 
conditions, on length and height of span, on the 
character of foundations, on the location, and to 
some extent on commercial and labor conditions. 


The widest, strongest, and therefore generally 
the most costly structures are imperative for ur- 
ban traffic where there is likely to be little or no 
choice of location or elevation. In rural districts 
the bridges generally may and should be much 
lighter and cheaper, with few limitations of type 
or exact dimensions and often subject to consider- 
able choice of position, thus giving a large freedom 
of design and proportionate opportunity for econ- 
omy of construction. The corresponding features 
of suburban bridges are naturally intermediate be- 
tween those of the urban and rural structures. 
Bridges on trunk lines and state highways, even 
though remote from towns, cannot be classified as 
rural structures, and must in general conform to 
many of the requirements for urban structures. 

Urban and suburban bridges, those in parks and 
on boulevards and scenic highways, and _ all 
bridges in conspicuous positions (excepting pos- 
sibly those in localities permanently devoted en- 
tirely to industrial and mechanical interests, such 
as those crossing railroad yards and heavy manu- 
facturing districts) should be designed and con- 
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MARKET STREET BRIDGE OVER TENNESSEE RIVER AT CHATTANOOGA. 


Steel bascule spans 300 feet long, multi-center concrete arch spans 165 and 180 feet long. 
Completed December, 1917. 


substructure $580,605. 


Cost of superstructure $426,520, 
B. H. Davis, Engineer. 
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314 PUBLIC 
structed with ample consideration for artistic and 
architectural effects; to harmonize with the sur- 
roundings, and to be consistent with the present 
conditions and future development of the locality, 
which they can often be made to adorn instead of 
disfigure. A bridge can sometimes be made mon- 
umental at little or no greater expense than is 
involved in building the most rigidly economical 
structure. These features are secured by proper 
attention to location, type, proportions, and details 
which, so far as possible, should be determined 
in conference with or be approved by cient 
specialists and critics. 
LOCATION 

In cities and towns the location of a bridge is 
usually rigidly predetermined and can be varied 
only slightly, often at a heavy expense. In such 
structures there is therefore generally little choice 
in the length or position of the spans and not 
much in their elevation. In suburban districts 
there is likely to be some choice of position with- 
in given limits, often enough to materially mod- 
ify the cost and design. For rural bridges there 
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possibility of future requirements for movable 
spans to permit shipping to pass and tor the pos- 
sibility of deepening the ‘channel by dredging 
operations that may endanger foundations. The 
elevation of the floor should be kept as low as 
possible to avoid obstruction of and danger to 
highway traffic through heavy approach grades 
and the great cost of surmounting them by the 
traffic. Where there is a choice of location, care 
should be taken to secure a short structure with 
good foundations and on cheap land. The local 
requirements encountered are more likely to be 
easily complied with for new construction than 
for replacing old structures. 

Where the structure connects low ground at 
either or both ends, it may often be advisable to 
supplement the bridge proper with a causeway, 
solid embankment, or earth fill between retain- 
ing walls, at one or both ends, thus materially 
reducing the length of the bridge and number of 
spans. 

In replacing an existing bridge it is usually 
necessary to provide for traffic during construc- 








MONT CLARE BRIDGE OVER SCHUYLKILL RIVER, PHOENIXVILLE, PA. 


Concrete arches, 103-foot span. Completed April, 1917. 
are much greater opportunities for freedom of 
location, which should be carefully exercised to 
secure the most advantageous sites, even some- 
times at the expense of shifting the approaches to 
secure improved grade or alignment, better foun- 
dations, or shorter bridges, or to avoid dangers to 
or obstruction of navigation, or the condemna- 
tion of costly property. 

In all cases the govening considerations should 
be safety, efficiency, ultimate economy, durabil- 
ity, and beauty. Rivers, especially those with 
much current, should be crossed at right angles 
and at sufficient heights for the superstructures 
to clear all possibility of flood and floating debris 
as well as to give necessary provision for naviga- 
tion if there is any. Streets, highways, railroad 
tracks and canals should be crossed at right an- 
gles when convenient and with abundant vertical 
and horizontal clearance for all kinds of traffic 
under the bridge. In crossing over railroad 
tracks, recognition must be made of the possibil- 
ity of wrecks on the railroad and the bridge 
should not be liable to destruction through their 
occurrence. 

If the bridges are over navigable streams or 
harbors, consideration should be given .to the 


Superstructure cost $92,350, substructure $10,900. 








Rise 10 feet 6 inches. 


tion. This sometimes involves building an en- 
tirely new temporary structure if the new spans 
are built exactly in the position of the old ones, 
or it may be that the old structure can be re- 
moved piecemeal while the new one is being 
erected in the same position and traffic main- 
tained, or that the old structure may be removea 
and the new one built in successive longitudinal 
halves so that one half of either old or new struc- 
ture is open to traffic while the other half is not. 
These considerations may sometimes make it de- 
sirable to deviate slightly from the old alignment 
and build the new structure close alongside the 
old one, retaining the latter in service until the 
new bridge is ready to receive traffic, after which 
the old one can be removed at leisure with a min- 
imum of expense and interruption. Steel spans 
can sometimes be built complete at a nearby or 
remote position and rapidly moved to place over 
night or in a few hours while the old structure is 
being demolished or removed so that no tempo- 
rary provision for traffic is required. Such op- 
erations are occasionally desirable for the safe 
construction of bridges over railroad tracks, par- 
ticularly in freight yards and near terminals or 
over several main line tracks. 
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LENGTH AND CAPACITY OF SPANS 

Whatever the height or length of a bridge, its 
capacity depends on the width of roadway and 
the strength of span, which must be determined 
in accordance with traffic requirements, Broadly 
speaking, these vary according to the general 
classifications of urban, suburban and rural, but 
the character of the region, local condition, fu- 
ture probabilities and the type of roadway to be 
supported are of great importance, involving 
large variation in the service that the bridge is 
required to meet and therefore in its capacity 
and dimensions. 

It is manifestly impossible to establish exact, 
arbitrary rules to govern any of these cases, but 
it is possible to follow standard practice and em- 
ploy approved design and at the same time make 
adequate provision for strength and loading 
within certain limits. General requirements of 
strength, quality and workmanship should be 
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manufacturing centers or industrial highways 
may provide for the same or decreased loadings 
required for city bridges. Especial care should 
be taken to design them so that their type may 
be harmonious with the local surroundings, gen- 
eral landscape and future improvements, 

Practically the same considerations apply to 
bridges on boulevards and hard state highways 
and trunk lines, except that in some cases no pro- 
vision may be necessary for future electric car 
service and in other cases statutory restrictions 
of traffic on the roadway may exclude heavy 
trucking, which therefore need not be provided 
for. On the other hand, they may serve very 
rapid or congested pleasure or tourist traffic re- 
quiring wide roadways and provision for higher 
speed than is permissible within city limits. Both 
of them are factors that influence the type and 
details developed. 

In strictly rural localities much greater latitude 
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PENN STREET BRIDGE OVER SCHUYLKILL RIVER, READING, PA 


Five 110-foot and nine 48-foot concrete arch spans. 


written in the specifications, but these should be 
modified and details carefully determined by ca- 
pable specialists whose function is to make the 
most advantageous selections or designs and to 
see that they are economically and reliably exe- 
cuted with justice both to the purchaser and the 
builder. 

For cities and large towns the bridges should, 
if possible, be the full width of the street, of 
sufficient strength to carry any traffic or special 
loading that may travel the street, should carry 
the pavement continuously across the structure 
and, when practicable, the structures, excepting 
protecting parapets, should be built entirely Le- 
low road level. They should be proportioned 
for the heaviest concentrated team loads, for the 
transportation of heavy machinery or equipment, 
and for the entire floor surface to be covered 
with vehicles or solid crowds of pedestrians, 
with ample provisions for wind strain, impact, 
vibration, irregularity and deterioration. The 
style should be plain, dignified or even severe. 

Suburban bridges may be narrower and, ac- 
cording to their proximity to great cities, heavy 





Completed November, 1913. Cost $437,470. B. H. Davis, engineer. 


is permissible than elsewhere, and ‘under some 
conditions the width and capacity of the struc- 
ture may be much less than in city and suburban 
localities. They should always, however, be wide 
enough to give clearance for, and strong enough 
to carry, two heavy automobile trucks or a full 
load of moderate weight automobiles going in the 
same direction at moderate speed. In all locali- 
ties, spans of 50 feet or less should be propor- 
tioned to have their floor surface entirely covered 
with heavy, fast moving vehicles. 

In all cases the floor itself should be propor- 
tioned throughout for maximum loads and im- 
pact, and the roadway should be thoroughly pro- 
tected by substantial barriers on both sides that 
will prevent the possibility of vehicles leaving 
the bridge except at the ends. The bridge floor 
should be crowned slightly toward the center of 
the span or group of spans, or should be level, or 
on the lowest possible uniform grade, and the ut- 
most efforts should be taken to avoid a descend- 
ing grade on the approach toward either end ot 
the bridge, as such is likely to cause dangerous 
impact on the bridge floor. 
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SUB-STRUCTURE 

The design and location of the sub-structure 
(piers and abutments) is inseparable from that of 
the superstructure (the connecting spans), inas- 
much as the distance between supports is a vital 
factor of the cost of the superstructure and the 
safety and durability of the structure is primarily 
dependent on that of the sub-structure. How- 
ever, the type and method of construction of the 
sub-structure may be almost or quite independ- 
ent of the superstructure. It has long been ac- 
cepted almost as axiomatic that the most eco- 
nomical bridge is, roughly speaking, one in which 
the cost of the superstructure is about equal to 
that of the sub-structure, so that the higher the 
span and the more difficult the foundations the 
greater should be the distance between the piers; 
and conversely, for bridges with a comparatively 
low elevation where the water is shallow and the 
foundations are good, the spans should be made 
very short. These conditions are obviously in- 
fluenced by circumstances of flow, navigation and 
railroad traffic and other special features that 
may exist under the bridge. 











28-FOOT GIRDER SPAN, 24-FOOT ROADWAY 

It should, however, be remembered that, other 
things being equal, the cost of spans increases ap- 
proximately with the square of their length and 
that the cost of river foundations increases rap- 
idly with the depth of the water. Also that the 
cost of the superstructure can be closely prede- 
termined while that of the sub-structure is often 
very uncertain and may involve very large unex- 
pected items and operations of a slow and danger- 
ous character that are not foreseen in advance. 

When, therefore, it is a matter of choice and 
conditions are uncertain, it is safest to reduce 
the number of foundations at some addition to 
the minimum cost of the bridge. This is especial- 
ly true in regard to bridges over streams where 
the obstruction of the flow by channel piers may 
produce changed conditions that will impound the 
water, flood adjacent territory, scour the river bed 
or obstruct the channel so as to cause accumula- 
tion of drift and ice and in various ways produce 
serious damage. 

EXPLORATIONS AND METHODS 

Unless there is available complete, reliable 
knowledge of the river bottom, the expenditure 
of considerable time and money for careful ex- 
ploration, surveys and soundings and sometimes 
tests by experienced specialists is well justified 
and determination of the character and location 
of piers and abutments should be based on such 
information, The most desirable sub-structures 


are solid concrete or stone masonry carried down 
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to bed rock or hard stratum. If this is imprac- 
ticable, they may be supported on pile footings or 
may have their bases extended so as to reduce 
the unit pressure and prevent settlement. In all 
cases they should be carried below the possibility 
of displacement or interference by flood or other 
disturbances or should be completely protected 
against them. Excavation to a depth of 5 or 6 feet 
below water level can easily be made in the dry 
by simple cofferdams kept dry by pumping. Un- 
less the bottom is very irregular rock and bould- 
ers or quicksand, the same can usually be done 
up to a depth of 15 or 20 feet or in some cases to 
an even greater depth by the use of more costly 
cofferdams and pumping, thus enabling the sub- 
structure to be built as on dry land. For greater 
depths, or for very difficult bottom, access can 
generally be had only with very expensive pneu- 
matic caissons. 

If the bottom is strewn with boulders it is 
likely to be hard and strong enough for short- 
span piers, and may generally be cleared by drag- 
ging, scraping or by divers, sufficiently to permit 
the construction of a cofferdam there; or if the 
depth and velocity of water is too great, a log 
crib filled with stones may be sunk and concreted 
for the foundation of the upper part of the pier. 

FOUNDATIONS 
Soft bottom’can often be excavated by dredg- 


i ing, and piles be driven and cut off by a sub- 


merged circular saw and thus made ready to re- 
ceive pier footings built in cofferdams that are 
not pumped out until after a few feet of concrete 
has been deposited on the pile tops to seal the 
bottoms of the cofferdams, 

In other cases, the lower parts of the piers can 
be built in floating caissons or cofferdams with 
detachable bottoms that are towed to position, 
sunk to rest on the pile tops, and the piers com- 
pleted, after which the sides of the cofferdams are 
removed, leaving the piers supported on the bot- 
toms of the caissons interposed between them and 
the pile tops. In such cases the caissons can be 
made with either wooden or concrete bottoms, 
the latter thus being made integral with the pier 


. shaft if necessary. Sometimes clusters of wooden 


piles are driven in thin steel cylinders that have 
been sunk a short distance below the river bed 
and are subsequently filled with concrete. Groups 
of concrete piles with their tops extending above 
water level are sometimes used for the founda- 
tions of piers or for light work; these piles are 
sometimes continued up to form the pier as well, 
and constitute the sole support of short spans. 
(To Be Continued) 





Winter Work for the Street Force 


The Street Division of Waltham. Mass., last 
winter managed to find a number of jobs to do 
that were worth while. A street that had been 
graded to sub-grade was covered with gravel, to 
be compacted by traffic and leveled off and sur- 
faced in the spring. Sand to be used in connec- 
tion with oiling roads was dumped in piles along 
the roads where it would be needed. Grading and 
widening two or three roads was carried on. At 
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the city quarry rock was got out ready for 
crushing, about 200 tons during February alone, 
and the crushing machinery was put in order. 
The steam road rollers were thoroughly over- 
hauled and extensive repairs made. Paper on the 
refuse dumps was baled and stored at the city 
stables until better prices were obtainable, twenty 
or more tons being baled. 


Complete Road Plant in 


lowa 








Camp and central mixing plant midway of 
a five-mile contract. Unusually complete 
plant. Long haul of concrete not ob- 
jectionable. 





A description of an unusually complete contractor's 
plant for road construction is given by the Service 
dulletin of (the Iowa State Highway Commission. 
This is the plant of the Horst Construction Co., built 
in connection with the construction of a 5.14 mile 
concrete road in Cerro Gordo County. 

J. \. Horst, of that company, located a con- 
struction camp about midway of the contract, care- 
fully designing and staking out a camp site includ- 
ing a mixer and material bins, stiff-leg derrick, ce- 
ment sheds, garage and office. A standard railway 
track was laid from a near-by railroad to the plant 
and an industrial railway track for hauling cement 
from the sheds to the mixer. The contract was 
awarded on March 17, 1920, and a camp was under 
way before the frost was out of the ground. 

At this camp was located a central mixing plant, 
this being the first road construction from a central 
plant tried out in Iowa. The mixer was placed on 
concrete foundations, and a concrete pavement was 
laid where the trucks were to stand for receiving the 
concrete from the mixer and ‘the space around it 
was carefully drained and graveled. A good road- 
way was built leading from the mixer to the high- 
way and in addition the public highway was grav- 
eled for the stretch to be used by the contractor’s 
truck. The mixer structure was so arranged that 
canvas could be spread to protect the men and ma- 
chinery from sun and rain. 

The outfit for this job included 15 one-ton Ford 
trucks with dump bodies and 2 with general service 
bodies, a Lakewood finishing machine, a Koehring 
concrete mixer, a Buffalo stiff-leg derrick with one- 
cubic-yard clam-sheel bucket, 18 ten-foot sections 
of Blaw-Knox road forms with pins and wedges, 
2 Domestic force pumps, 11,940 feet of two-inch 
black-iron pipe with expansion joints for every 


1,500 feet and unions for every 800 feet and T’s for . 


every 150 feet, an auto truck turntable, a 1,000- 
foot railroad siding and ‘an elevated industrial rail- 
way track from cement shed to mixer. 

Thirty men were employed at the plant, 3 work- 
ing between the railroad cars and the cement shed 
and the industrial cars to the mixer station, 2 hand- 
ling cement from the industrial cars to the mixer 
platform, 2 charging the mixer, 1 mixer operator, 
1 derrick operator and a helper, a chief mechanic 
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in garage and 2 helpers, 2 turn-table men, 3 concrete 


-spreaders, 2 men on finishing, 2 form setters, 4+ sub- 


graders with a team, 1 horse for hauling cement, and 
3 men covering and wetting concrete. 

From the start the work was organized and run 
on a regular schedule, trucks arriving at the plant 
and departing on the minute. Every truck in going 
to the mixer passed the garage where the master me- 
chanic immediately took out of service any which 
was crippled or needed attention of any kind and a 
reserve truck was substituted in its place. At 
night all 15 trucks were lined up'in front of the 
garage and given an inspection and prepared for 
service the following morning. 

At the road where the concrete was to be de- 
posited was a portable turntable which was dragged 
ahead from time to time so as to be kept a short 
distance ahead of the construction. The loaded 
truck ran up on the turntable, was turned in a few 
seconds by two boys, backed the few feet required 
and dumped its load and returned; all this without 
the delay and cutting up of the subgrade which ab- 
sence of the turntable would have made necessary. 

The longest haul was about three miles. It was 
found that by carefully noting the length of haul 
and the moisture condition of the sand and gravel 
and varying the amount of mixing water to suit 
both conditions as well as the atmospheric condi- 
tion, the wet concrete mix could be delivered on 
the subgrade at the laying point in even and uni- 
form condition, capable of passing every test and 
meeting all requirements. There was little or no 
trouble on even the longest hauls with a separating 
of the materials, nor in initial setting of the mixed 
material before it was placed. The average length 
of time a load of mix was on the road on the longest 
haul was approximately 15 minutes. Probably not 
more than half a dozen loads of mix were lost on 
the entire work because of delay in delivery occa- 
sioned by accident to the truck or otherwise. 

During the few minutes of transportation the 
mixed concrete absorbed the water more thoroughly 
and appeared somewhat stiffer when spread than 
does that from a mixer on the spot, but there was 
no special difficulty in working and shaping it with 
template or tamping devices or finishing machine. 
Belting was a little more difficult because less water 
came to the surface and the surface material was 
more sticky and the belt had a tendency to drag 
small stone to the surface. Such stones were picked 
out and additional belting restored the workability 
of the surface and removed all traces of holes. Some 
engineers who inspected the work thought the cen- 
tral mixed concrete worked up better in the end 
than ‘the locally mixed type, some thought the re- 
verse and most engineers could see no difference. 

The central mixing plant was especially well 
adapted to this particular job as there were numer- 
ous curves and narrow places in the right-of-way 
and cuts which would have interfered seriously with 
the use of an industrial railway had this been used 
for bringing the aggregate materials or hauling the 
dry mix. 

This contract comprised 21,060 cubic yards of 
excavation at $1.31 and 54,435 square yards of 
concrete surface at $3.74, a total of about $231,000. 
The concrete was 8 inches thick at the center and 








318 PUSLIC WORKS 


7 inches at the edges and the roadway was 18 feet 
wide. 

The average daily run (10% hours work), in 
spite of almost daily shortage of materials, was 365 
lineal ‘feet or 730 square yards. The maximum 
daily run was 600 lineal feet earning for the con- 
tractor $4,488. The day’s work was ten and one- 
half hours. 


Making Narrow Roads 
Wider 


By John Stanley Crandell * 








Adding a shoulder of bituminous macadam 
on each side of a narrow concrete road. 
Details of construction method. 


There is a very large mileage of narrow hard- 
surface highways that have become inadequate 
through changing traffic conditions. Many of 
these roads are requiring excessive maintenance. 
Others have not yet shown the effects of the in- 
creasing traffic. 

Various schemes have been tried to widen 
these roads without undue expense. Of them all, 
the plan to extend the width by building bitumin- 
ous macadam shoulders has been the most widely 
used, and gives the most promise. In addition 
to the large mileage already built, many roads 
have been planned, or are under construction, 
that will eventually have to be widened. Pro- 
vision should be made in the design of all new 
roads to take care of constantly increasing traffic 
of the future, and to that end, shoulders should 
be built at the time of construction. 

Much progress has been made in highway de- 
sign, construction and drainage, but the question 
of shoulders has been overlooked. Many costly 
highways still are constructed with earth, gravel 
or water-bound macadam shoulders, which are 
inadequate for present-day motor truck traffic. 
Shoulders of these types are rapidly worn out 
or destroyed, and thus become sources of danger, 
imperiling the life of the motorist who turns out 
to let another vehicle pass. 

Nine-foot roads can be widened to any desired 
measurement by building shoulders on each side. 
The 9-foot road then, being in the center, takes 
most of the traffic; whereas, if another 9-foot 
strip be built-alongside the original construction, 
traffic will straddle the old and the new with 
consequent unpleasant riding. .In many local- 
ities the existing 18-foot roads are being found 
inadequate, and they are being widened to 24 
feet by building 3-foot shoulders on each side. 
Six-foot shoulders also have been tried with suc- 
cess; in fact, a 6-foot shoulder is easier to build 
than one of lesser width. 

There are certain practical factors that must 
be taken into account when this work is at- 
tempted. In the first place, the depth of the new 


*Consulting Engineer, General Tarvia Dept., The Barrett Company. 
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shoulder must not be slighted. Eight inches is 
the minimum that should be allowed, for it must 
be remembered that these shoulders will have 
to take heavy loads, and that they will not be 
an integral part of the original road and thus 
will receive no support from it. 

Gravel or water-bound macadam_ shoulders 
may be turned to good account by using them 
as foundations on which to place a bituminous 
macadam wearing course. It is good practice to 
build water-bound macadam shoulders when the 
highway is being constructed, with the idea in 
mind that at the end of the first year the should- 
ers will be topped with bituminous macadam. 

The following paragraphs describe the best 
standard practice of laying tar macadam should- 
ers in widening old roads: 

A trench for the new shoulder must be dug 
alongside the pavement, and no more earth 
should be taken out than may be necessary. It is 
sometimes difficult to roll the bottom of the 
trench uniformly, and therefore it is important 
not to disturb the sub-base. Any soft spots must 
be replaced with new earth, after making sure — 
that these places, and any others that need it, 
have been properly drained. The berm adjacent 
to the shoulder should be leveled off so as to 
insure all surface water finding its way into the 
side ditches. 

If possible the earth base should be rolled, 
and for this purpose a light tandem roller is 
best. If a 3-wheel roller is the only one available, 
then the rolling must be done with one rear 
wheel, unless a very wide shoulder is being built. 
Care must be taken during this rolling to see that 
the edge of the pavement is not chipped or 
broken. 

Six inches of stone (stone that will pass a 3™%- 
inch ring and be retained on a 2%-inch ring) 
is then deposited on the earth base and rolled to 
5%4 inches in depth. This forms the foundation 
for the shoulder. The voids are filled with sand 
or screenings, and the foundation is rolled until 
it resembles a water-bound macadam, additional 
filler being added from time to time, if required. 

A tar-macadam wearing course is then con- 
structed by placing a 3-inch layer of tough, hard 
2-inch stone on the foundation. This is rolled 
to 2% inches in depth, and then hot Tarvia-X 
is applied at the rate of 1.7 gallons per square 
yard. Where the job is not of great extent, 
hand pouring pots may be used, and the Tarvia 
may be heated in kettles on the job. But if there 
is considerable yardage it will be found more 
economical to apply the binder from tank wagons 
or from motor truck distributors. The wearing 
course should be prepared a long distance ahead, 
since the spraying of Tarvia, either from tank 
wagon or distributor, is done rapidly and this 
part of the work should not be delayed. 

The first coat of Tarvia-X is covered with 34- 
inch stone chips, which are rolled into the voids 
of the wearing course. Those chips not held by 
the binder are swept off, and a second, or seal 
coat of Tarvia-X is applied at the rate of % 
gallon per square yard. This is covered with 
pea-gravel, or stone chips, and the shoulder is 
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well rolled. When the seal coat is being applied, 
see to it that an extra quantity of Tarvia is in- 
troduced along the joint to insure its being abso- 
lutely waterproof. If water finds its way in here 
the sub-grade will be softened and the shoulder 
may be depressed at that place. 

Maintenance of all shoulder work is absolutely 
essential if good results are expected. Shoulders 
are subjected to exceptionally heavy thrusts 
from laden motor trucks running at high speed, 
and they must be kept in first-class condition 
throughout the year if they are to give the serv- 
ice desired. Holes that may form should be 
patched as soon as they appear, and the entire 
shoulder should be given an occasional treatment 
with Tarvia-B. 

In the case of new roads, the work of con- 
structing shoulders is simplified, since the sub- 
grade for the shoulders can be graded and rolled 
at the time this work is being done for the pave- 
ment itself. 











TRENCH AND BASE STONE FOR SHOULDERS 








Pre-Cast Concrete Slab Pavement 

About half a mile of a new type of concrete 
highway pavement was built last winter by the 
Wyoming State Highway Department to carry 
very heavy oil-field traffic over the gumbo flats 
and sandy stretches between Casper and Salt 
Creek. 

In 1917 the State Highway Department and 
the Mid-West Oil Company united in grading 
and draining a 39-mile section of the road and 
during 1919 paved 5 miles with concrete 16 feet 
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FILLING AND ROLLING BASE 





wide. This road has been subjected to a heavy 
traffic estimated at 10,000,000 pounds per month 
besides a hundred additional motor vehicles daily 
that require a high-class hard-surface roadway. 

To concrete the road in situ in the usual man- 
ner with a traveling concrete mixer would. have 
involved great expense and difficulty in the de- 
livery of materials because there was no supply 
of aggregate except at one point and it would 
have been necessary to install an expensive wa- 
ter supply plant. It was therefore determined to 
built an experimental length of 24,000 feet of 
the roadway with pre-cast slabs manufactured 
in a yard at Casper, at one end of the road adjacent 
to the supply of aggregate and water. 

The State Highway Department designed 
8x 9-foot ‘slabs 6 inches thick reinforced with 
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wire mesh and %-inch bars, which were made 
and laid by the Levy Construction Company, 
Denver. The slabs were made in six equal lots, 
each of them having a different type of joint, 
some of which were straight, some beveled, some 
curved and some interlocked and bolted together. 
The work was not commenced until late in the 
season, and was continued into very cold weather 
when the mercury went far below freezing, much 
increasing the cost of preparing the sub-grade 
and making it necessary to heat the aggregate 
and mixing water. 











The slabs were delivered from the yard to the 
site by State Highway trucks at a cost of 39 
cents per ton-mile. They were loaded and un- 
loaded by 3-ton triplex chain hoists suspended 
from trolleys on traveling gantries that spanned 


ROAD WITH SHOULDERS COMPLETED 
Trench excavated 714 in. deep and 4 ft. wide. Base stone placed 
5 in, thick and 4 ft. wide. Wearing course 2% in. thick and 3.5 
ft. wide. Finished surface 16 ft. wide. 
SHOULDER 3.5 FEET WIDE ON EACH SIDE OF A 9-FOOT 
CONCRETE ROAD; FOUR MILES NORTH OF 
KAUKAUNA, WISCONSIN. 
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the road. They were laid with one 8-foot side 
coincident with the center line of the roadway, 
thus forming a continuous strip of pavement 9 
feet wide that could be duplicated by slabs on 
the other side center line, making up the full width 
of 18 feet. Up to the present time the pavement 
shows no deterioration under heavy traffic and 
the best type of joint has not been determined, 
although the interlocked type is considered least 
desirable. 





Engineering Costs on Montana Roads 


The second biennial report of the Montana 
State Highway Commission gives among many 
other interesting data, the cost of pre-construc- 
tion engineering and of construction engineering, 
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both total and as percentages of the construction 
cost. Pre-construction costs include reconnais- 
sance or investigation, preliminary and location 
survey, plans and specifications, advertising for 
bids, contract letting, and miscellaneous. 

For all contracts let to date, totaling 661.44 
miles and $6,222,689, the pre-construction charges 
average 1.84 per cent of the contract price. Sur- 
veys are made for some projects that are never 
carried out, but the cost of these to date has 
been less than 0.3 per cent of the total construc- 
tion costs to date. 

Construction engineering charges to date have 
averaged 6.46 per cent on grading and gravel 
roads, 3.53 per cent on paved roads, 4.61 per cent 
on bridges; or 5.58 per cent average of all road 
and bridge projects. 





Federal Aid 


Road Work 


By Thos. H. MacDonald* 





Federal aid to the extent of $216,000,000 paid or obligated, leaving only $50,- 

750,000 unobligated. Road construction has not kept pace with traffic increase. 

Heavy construction this year will be followed by a decided reaction next unless 
Congress makes another appropriation for Federal aid. 





Except in a few states, Federal aid funds for 
road building will be practically exhausted at the 
end of the present calendar year. On the first of 
January, 1921, of the $2066,750,000 of Federal 
funds allotted to states, there was either paid on 
completed work or obligated by approved projects 
approximately $216,000,000, leaving approximate- 
ly $50,750,000 unobligated. On that date $149,- 
683,107 of Federal aid was either actually under 
construction or completed, leaving $117,066,893 
available for new contracts. This last amount has 
since been reduced so that at present but little 
more than $100,000,000 is available for new con- 
tracts and this amount did not become available 
until last July. Considering that after funds be- 
come available some time is needed for making 
surveys and plans, advertising for construction 
and letting contracts this record seems very good. 


The total amount paid or due statés on March 
1, 1921, for work actually completed was $89,337,- 
889. On that date there had actually been paid 
out of the United States treasury $62,867,284, so 
there was then due the states $26,470,605. There 
is a lag between the completion of construction 
work and the actual disbursements from the treas- 
ury due to the fact that many of the state have 
been carrying the cost of the projects which are 
under way until they are nearly or entirely com- 
pleted. 

The total mileage under construction and com- 
pleted in the United States on March 1, 1921, was 
22,032 and the total estimated cost for this mile- 
age is $361,946,868. Based on the total estimated 
cost of approved plans the percentage of types 
was approximately as follows: 


*Chief of Bureau of Public Roads, United States Department of 


Agriculture. 


Type Per Cent 
SE cond Gide nee een Iau aeas oi aude eeobawe eas 8.685 
MPU Sod ao ida sd encase ctankcwinino sie sas wa eee meals 3.713 
Gravel, pram aud surface treated ..........ses00s 19.823 
Macadam, waterbound and surface treated ......... 2.564 
WORNSINIOUS TARGAGO oon oiosei bcc oc ste senseeds ewes 6.346 
a, | a 5,548 
Portland cement concrete, + oe and reinforced... 38.464 
Ns anc airn eniwie Sina la G ainerbe nein Guleesia 4.799 
NI oe ite ei uaa Maio Ga SSR eaeoaan 4.040 
EE Gaeedtnetues enekdcadderressniuenndesececds 6.018 

IE. Soesonsde sees awe esau seo enaeeoas 100.000 





During the war period road construction gave 
way to war activities. During 1919 and the 
early part of 1920 the rising costs of labor and 
materials indicated the desirability of a moderate 
program of construction to avoid undue absorp- 
tion of labor and material supplies to the detri- 
ment of production in other lines of activity. Many 
of the states purposely delayed their road con- 
struction programs in the hope that prices would 
fall. This action affected all roaa construction, 
whether Federal Aid, projects paid for entirely 
by the state or by counties, towns and cities. 
During 1920 the added influence of extremely un- 
favorable railroad transportation conditions 
brought road construction nearly to a standstill. 

During the latter part of 1920 many of the 
states apparently became alarmed because of the 
adverse railroad transportation conditions and to 
assist in bringing relief through truck transpor- 
tation, resumed road construction. During the 
winter following the repressive influences ap- 
peared to be less in evidence. Now in the spring 
of 1921 with falling prices, an apparent over-abun- 
dance of labor and more favorable railroad trans- 
portation it is expected that the mileage of roads 
constructed during 1921 will be unprecedented in 
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the states having ample funds available. During 
1920 a little over $91,000,000 of Federal aid road 
funds were put under contract and it is estimated 
that were it available between $125,000,000 and 
$150,000,000 would be put under contract during 
1921. ; 

Some of the states have already practically ab. 
sorbed their total apportionment of Federal aid. 
Of these there are the twelve states of Delaware, 
Florida, Georgia, Idaho, Illinois, Louisiana, Mary- 
land, New Hampshire, Oregon, Rhode Island, 
Washington and West Virginia. States still hav- 
ing a considerable balance of their apportionment 
available for new contracts are the nine states of 
Alabama, California, Indiana, Michigan, Mis- 
souri, New York, Texas and Wisconsin. In all 
of these last named states, however, it is expected 
that a large mileage will be put under construc- 
tion during 1921. 

As indicating in general the attitude that state 
highway departments are now assuming the fol- 
lowing quotation is made from a statement by 
the Illinois State Highway Department: 

“The indications now are that building condi- 
tions are gradually improving. We can safely 
look for cheaper materials and a larger supply 
of labor at less cost, as well as an improved trans- 
portation situation. It is possible that during 
the coming year (1921) we may see the cost of 
road building decreased to the prices prevailing 
in the spring of 1919 with a possibility of even a 
greater reduction in the following year. It is 
also the opinion of the majority of the prominent 
financiers of the country that within the next few 
months the forces now working towards a read- 
justment in all lines will bring about a corre- 
sponding readjustment of interest rates, which 
would mean the ability of the state to market its 
road bonds on a more satisfactory basis than at 
present.” 

It may be seen, therefore, that while during 
the war and later during 1919 and 1920 road con- 
struction where possible to carry it on at all was 
carried on under very adverse conditions, the 
prospects for 1921 seem excellent and just now I 
see no cause for worry about the progress of 
Federal aid road construction. Indications point 
to the construction of a very lengthy mileage. It 
is very fortunate that this is so because a large 
expenditure for road construction aside from the 
very considerable normal benefit which it will 
confer will very measurably diminish the force 
of the rising tide of unemployment. During 1922, 
unless additional Federal aid is granted there will 
be a very decided reaction in road building 
throughout the whole nation. It will be felt some- 
what during the latter part of 1921 and the early 
part of 1922 in any event as the states in many, 
if not most cases, must legislate to meet any new 
Federal appropriation and the legislatures in quite 
a large number of states must be called in extra 
session as they have now adjourned for’this year 
and do not meet again regularly for-two years. 

The consensus of opinion is that the expendi- 
ture of Federal funds for road construction has 
not only been a very profitable investtnent. due 
to the great increase of property values, and the 
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extension of transportation to the benefit of com- 
merce and industry, but it has had a large educa- 
tional effect, has encouraged and stimulated state 
and county road construction, has promoted co- 
ordination of road programs in different localities 
and measurably forwarded the adoption of better 
standards and better construction. As above 
stated, projects already under way will, within a 
a short time, exhaust the balance of the Federal 
funds now available, and on account of the tre- 
mendous value and importance of abundant good 
highways for agricultural, industrial and commer- 
cial interests, for their military importance and 
great value in supplementing overburdened rail- 
road service, it seems vital that the work should 
be extended and provision made for it by the as- 
surance of continued Federal appropriations of a 
substantial amount each year for a period of years. 

Highway transportation is still far from a well- 
advanced stage of development, although great 
forward strides have been made in it. Highway 
production has always lagged behind the activi- 
ties depending upon it. To-day on the eve of 
still greater activity the pressure of industry is 
such as to threaten the collapse of our main trans- 
portation system. The wealth of the nation has 
been increasing at the rate of approximately 10 
per cent a year; the basic annual production of 
the country has been increasing at a rate in ex- 
cess of 15 per cent a year; motor vehicle registra- 
tion has been increasing at the rate of approxi- 
mately 23 per cent a year; whereas the produc- 
tion of important highways has been increasing 
at the rate of about 6 per cent a year. It is very 
evident, therefore, that the production of surface 
roads is not keeping pace with the increase in 
wealth of the traffic of the country. 

Federal aid has been a very great stimulus to 
highway production throughout the country. It 
has resulted in the establishment of state highway 
departments in every state. Through it has come 
about the training of a body of engineers capable 
of intelligently designing and supervising road 
work, the co-ordination of state highway depart- 
ments to direct it, the development of important 
and abundant road building machinery, the pro- 
vision of a large amount of construction plants 
and equipment by the states, as well as the build- 
ing up of a corps of general contractors who have 
undertaken to do highway work. Through its in- 
fluence more than forty states have already estab- 
lished the system of main roads that aggregate 
approximately 8 per cent of the mileage of rural 
roads in the United States. It has brought about 
a better understanding of the nation’s needs for 
roads and a better understanding of the adjust- 
ment of road types to road traffic. 

A large mileage of road must be improved, and 
while the most costly and most durable types are 
being adopted for the business centers it is also 
necessary to build a very large mileage of lower 
cost roads selected with proper consideration for 
local conditions and requirements. 

It is believed there is no work more necessary, 
more pressing or more vital to our prosperity 
than a large highway construction program, and 
financial support by the Federal government 
seems advisable. 
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Lighting Highways 
A new type of reflector developed espe- 
cially for lighting country highways. 








One of the features proposed for the “ideal sec- 
tion” of the Lincoln highway, concerning which 
much has been said recently (see Pusttc Works for 
Feb. 19), is the lighting of the highway at night. 
An important advantage of this is the great re- 
duction in accidents which would undoubtedly be 
effected. Partly because of this, it would also 
tend to increase night traffic and thus relieve day 
congestion and also increase the amount of serv- 
ice obtained from the road and increase the re- 
turns to the community from their expenditure 
on its construction. 

A large percentage of automobile accidents oc- 
cur at night and a considerable portion of these 
are due to headlight glare. Many types of re- 
flectors and lenses for headlights have been de- 
vised to reduce the danger from this cause, but 
with far from satisfactory success. Undoubtedly 
it would be much more desirable to have the high- 
ways as well as the city streets so lighted that 
the use of glaring headlights would be unneces- 
sary. The chief reason for not adopting this rem- 
edy is, of course, the cost involved. 

The General Electric Company is offering a 
new type of incandescent lamp reflector which it 
claims will permit the economical lighting of 
highways, a test installation having been placed 
at Swampscott, Mass., after months of study and 
experimenting by the company’s illuminating en- 
gineers, which installation is shown in the accom- 
panying illustration. Incandescent lamps of 250 
candle-power are used, placed at a height of 
30 feet at intervals of, 400 to 600 feet and set 
to so illuminate the roadway that there is 
no need for glaring headlights. The essen- 
tial feature of this lamp is a new type of 
reflector known as the parabolic nest highway 
lighting unit. There are three reflectors, one 
within the other and by means of these the greater 
part of the light that would with ordinary re- 
flectors be reflected upward or on to the adjoin- 
ing fields is concentrated upon the road surface, 
the rays making an angle of 10 degrees below the 
horizontal and giving the same effect as an over- 
head reflector 15 feet in diameter. White reflect- 
ing surfaces reduce the glare from the lamp with- 
out the aid of diffusing globes. 

The bracket holding the reflectors is adjustable 























DAY VIEW OF PARADISE ROAD, SWAMPSCOTT 


PARABOLIC NEST HIGHWAY LIGHTING UNIT 


in both vertical and horizontal direction so the 
fixture can be mounted on a pole close to the edge 
of the highway or several feet back from it, and 
can, if desired, be turned so as to illuminate 
curves or hillsides. 

The cost of this lighting is not stated. It would 
seem that it should logically be paid from the 
same fund from which the highway itself is con- 
structed and not be assessed upon the abutting 
property, since it is a benefit not to the farmer 
along the road, but to the users of the road. It 
would not involve any additional cost for poles 
where there are already telegraph or telephone 
poles along the road at intervals of not more 
than 600 feet, but would require not only the 
placing of lamps but the running of wires for 
supplying them with current except in cases 
where such wiring already exists. Wires run for 


this purpose, however, can and probably would 
be used by farmers along the highway for light- 
ing their houses or supplying current for farm 
and household electrical conveniences. 























NIGHT VIEW OF PARADISE ROAD, SWAMPSCOTT 
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No End to Road Work in View 


More than three hundred thousand miles of 
rural public roads in the United States have been 
surfaced with more or less permanent construc- 
tion at a cost of more than two billion dollars. 
This length would give one hundred transconti- 
nental routes if concentrated in continuous east 
and west lines, or one for about every ten miles 
of latitude. 

But large as is the amount of surfacing com- 
pleted, there remains more than seven times ‘this 
mileage that has not yet been surfaced. And as 
the country develops this mileage will be added 
to. There is therefore no immediate prospect of 
road construction work giving out. 

But in addition to this, there is an enormous 
amount of maintenance and reconstruction work 
to be done. Last year about fifty million dollars 
was spent on maintenance alone, and it is realized 
that even more should be spent, and in the future 
must be spent, on this class of work if the roads 
are to be preserved from rapid and complete 
destruction. < " 
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Everlasting Roads 


A Chattanooga ‘paper, in commending the con- 
struction of a concrete highway in Hamilton 
county, Tennessee, on the .pay-as-you-go prin- 
ciple, says: “The people of Hamilton county will 
have secured a permanent highway—a road that 
will last forever—twenty miles in length within 
the period of three years, and there will not be 
pre 5 outstanding to be taken up later because 
of it.” 

Any good roads advocate who tells the tax- 
payer that a concrete or any other road will “last 
forever” is laying up trouble for himself and a 
set-back for the good roads movement when, in 
two to five years, the taxpayers are disillusioned 
as to the everlastingness of the pavements. It 
does not pay in the long run to attempt to de- 
ceive them, and many are becoming wise to the 
untruth of such claims, 





Automobile Fees 


Most of the states are applying a part or all 
of the fees received from the registration of auto- 
mobiles and licensing of chauffeurs, operators and 
dealers, to the maintenance or construction of 
roads. In 1920 $97,997,160 was so used, which 
was 96 per cent of the total amount of such fees 
collected by all the states. Even so, however, 
such fees provided less than a fourth of the total 
road expenditures. Were the fees doubled and 
all applied to road construction, they still would 
not pay as large a proportion of the cost as the 
deterioration due to automobiles is of the total 
wear of the roadways. 

In fact, in most states practically the only wear 
is that caused by automobiles and this is being 
recognized. Illinois, Maine, Minnesota, Missouri, 
Nevada, Utah and Wyoming have adopted the 
plan of capitalizing the motor vehicle revenues 
for road construction, by issuing bonds and pay- 
ing interest or principle or both from the motor 
vehicle revenue. 





Distributing Road Construction Costs 


The general idea at the basis of both federal 
aid and state aid in road construction is that 
the wealthier sections should aid the poorer ones 
in paying for roads through their territories, 
partly because these roads are used as through 
routes by inhabitants of the richer and more pop- 
ulous districts, and partly because the prosperity 
or poverty of any district reacts upon the entire 
state and country. 

Some states, however, have not embodied this 
principle in their highway laws. In Kansas, for 
instance, “state aid” consists of collecting motor 
vehicle fees and handing over to each county 50 
per cent of the fees collected in that county, which 
can be used for paying one-fourth of the cost of 
hard-surface roads built by the county, In Ar- 
kansas some of the poorer counties receive so 
little aid that they are using shot guns to prevent 
road construction by levying of taxes equal to 
a very large percentage of the entire value of 
their farms. 
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State compulsion rather than state aid will 
quickly rouse antagonism to good roads in place 
of the now almost universal approval of them, 
and cause a serious set-back to the movement. 





Practical Solution of a Highway Problem 


Construction problems, like any others, must 
be understood before they are solved, and after 
the cause of the difficulty and the desired remedy 
are determined, the simplest and most efficient 
economical practical remedies should be devised 
and applied. This is well illustrated by the de- 
scription on page 326 of the successful methods 
for preventing injury by frost to concrete pavey 
ments adjacent to culverts. The engineer and con- 
tractor, who is an experienced road builder, lost 
no time in attempting to prevent the natural ac- 
tion of the frost but merely tried to remove the 
conditions that caused this action to be injurious 
to his structure. He noted that a certain part of 
the structure was necessarily exposed to the full 
effect of the frost and another part was exposed 
to no effect. And he therefore by a very simple 
and direct method provided for the actions be- 
tween the two points so that they should be regu- 
lar and under control and would operate in a 
way that the structure was designed to receive 
without injury. The results were all that he de- 
sired and he has established a construction detail 
that may be advantageously adapted for concrete 
pavement in cold climate and will save a large 
amount of injury to pavements and traffic and 
costly repairs and maintenance at a moderate 
initial construction cost. Engineers and contrac- 
tors should emulate this direct method of investi- 
gation, analysis, and design, and whenever the 
work appears to be unsatisfactory or the behavior 
of a finished structure is not what is desired, the 
reason should be searched for and when found 
measures taken to eliminate it or, as in this case, 
to control it within practical limits, and design 
the structure to correspond with the definite re- 
quirements. Usually natural forces and opera- 
tions can be directed rather than controlled or 
eliminated and the work should be designed and 


constructed so as not to require unnecessary re- ° 


sistance to them. 





Pavement Bids in Gary 


Bids on paving work were received on March 
21 by W. P. Cottingham, city engineer of Gary, 
Ind. Sheet asphalt, asphaltic concrete, asphalt 
macadam, reinforced concrete, and sidewalk, curb 
and gutter were bid on. The sheet asphalt pave- 
ment consisted of l-inch binder and 1%-inch 
wearing surface; the asphalt concrete of a 2-inch 
course with no binder course. Each of these are 
to be laid on the present pavement regraded. Bids 
were asked on use of Trinidad, Mexican and Tex- 
aco asphalts, and Trinidad and Mexican asphalts 
combined. The reinforced concrete pavement is 
one-course, 7 inches thick. The total of the low 
bids on the seven contracts was about $150,000. 


All the work is to be paid for with bonds is- 
sued upon completion of the work against the 
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property benefited. Bonds for werk on Delaware, 
Pennsylvania and Madison streets and 19th ave- 
nue, in the center of the city, can be discounted 
by the contractors at about 5 per cent, says Mr. 
Cottingham, but those on the outlying streets 
carry a much greater discount and are not at- 
tractive. 

Mr. Cottingham explains that “The low bidder 
on the sheet asphalt pavement resurfacing work 
—Municipal Construction Company—has a plant 
in town, left from last season’s work here, and 
Was very anxious to secure the work in the first 
letting and consequently cut its bid to make sure 
of it when it was seen that there would be some 
outside bidders.” 

This company bid $1.67 on Trinidad and $1.57 
on Texaco and Mexican sheet asphalt on three 
streets and 10 cents more per square yard for 
each on the fouth; while one of the other bid 
$1.85 on Trinidad and Mexican combined and the 
other bid $3 on Mexican, in each street. These 
prices do not include regrading the present pave- 
ment or any work other than the paving proper. 

For asphalt concrete the Municipal Construc- 
tion Company bid 10 cents per square yard less 
than for sheet asphalt in each street, the second 
bidder 25 cents less, and the third did not bid 
at all. None of these three bid on work on the 
outlying streets, where the only bid was $2.75 
for Trinidad and $2.60 for either Mexican or 
Stanolind. 

For reinforced concrete a bid of $4.51 was made 
on 19th avenue and $3.77 and $4 on two outlying 
streets. 

Asphalt macadam bids ranged from $3.50 on 
one street where there was only one bidder, to 
$2.25 on another street with two bidders. 





Federal Report on 
California Roads 


For several months past there has been severe 
criticism in many quarters of the work done by 
the California state highway department, the spe- 
cial criticism being that the millions spent by the 
state on roads have been practically thrown away, 
since the roads are too narrow for the volume of 
traffic using them and too thin for present-day 
truck traffic. 

Those defending the work of the commission 
maintain that the insufficiency of the roads is not 
nearly as great as claimed by their critics and 
that even if it were, the commission was justified 
in adopting this type of construction by its abil- 
ity thus to extend the road system into all sec- 
tions of the state, which would have been far 
from possible had a wider and thicker road been 
built. 


The subject is discussed at length in a report 
of the Bureau of Public Roads, which has re- 
cently been made public. This report says: “That 
the thin, narrow pavement and close grading en- 
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abled the rapid extension of very serviceable 
miles of roads is without question, and that the 
implied order in the Legislative Act of 1909 de- 
manded extension, is equally evident. Because 
the second bond issue was voted in 1915, and the 
third in 1919 may, in a sense, indicate such a ca- 
pacity for road financing by the scate as to deny 
the assumption that the state of California, at 
any time, was obliged to take chances with thin 
pavement in order to produce mileage, but it is 
undeniable that the very extension of the pave- 
ment developed sufficient sentiment to provide 
additional money in 1915, and again in 1919. 

“So it cannot be said in 1920, in the light of the 
fact that the great usefulness of the highway sys- 
tem is now proven, that the state would have 
realized its usefulness and provided in equal vol- 
ume had not the system been extended as rapidly 
as it was, and at some sacrifice of either tempo- 
rary or ultimate durability to increased mileage. 

“Although for the most part the service ren- 
dered by the roads built is still uniformly good, 
it is very evident that the state can now well 
afford to raise the standard of construction. This 
standard must satisfy all motor vehicle operators. 
The increase in the use of the trucks will doubt- 
less for a time be increasingly rapid. It has been 
over 500 per cent during the past three years, and 
will demand a greatly increased factor of safety 
in the pavement.” 

The cost of the roads to California is declared 
to be low. Prior to 1917 the average price of con- 
crete roads, including grading and structures, is 
given as $1.14 per square yard, which is declared 
as “remarkably low.” The price since 1917 has 
heen $1.84, which the report says is also low. 

The cost of the thin asphalt surface is given as 
between 8 cents and 9 cents per square yard. In 
the opinion of the Bureau of Public Roads this 
thin asphalt does not “serve a purpose commen- 
surate with its cost.” 

Criticism of the specifications of the Highway 
Commission is voiced in the statement: “The 
original lean concrete mix of 1:2%4:5 for a pave- 
ment should have been abandoned sooner,” and 
that the requirements “for coarse aggregate with 
tespect to size, grading, quality and cleanliness 
are, in the light of recent development, somewhat 
inadequate.” It is declared that the present fin- 
ishing can be improved. “The omission of trans- 
verse joints,” the report says, “appears to have 
been a justifiable innovation particularly in a 
frostless country, but it is believed that there 
should be exceptions to this practice.” 

“The present requirements for a 1:2:4 concrete 
mixture,” the report says, “if laid dry should pro- 
duce a good pavement for traffic preponderantly 
rubber-tired, but it is noted that several states 
use a richer mix.” The present specifications for 
reinforcement are declared excellent. 

On the thinness of the concrete slab the report 
comments as follows: “This concrete pavement 
is the thinnest that has been extensively laid. in 
any state, and would have been rejected as too 
thin in any state subject to winter frosts. It is 
one foot narrower than the minimum width of 
concrete roads built in most other states, and it is 
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believed that under present general conditions it 
is at least 3 feet too narrow.” 

Heavier designed roads for sections where the 
sub-grade is adobe, clay or adverse soils is also 
advocated with a further recommendation for ex- 
perimental construction. 

The investigating engineers examined practi- 
cally all the pavements in the state, 1,365 miles, 
and classified them as A, B, C, D, E and F; A 
being a pavement in practically perfect condition ; 
D a pavement so cracked transversely and longi- 
tudinally that numerous small slabs are formed 
that, however, do not average less than 50 square 
feet area; E a pavement in which such slabs have 
an area less than 50 square feet but in which 
there is no general disintegration; and F, pave- 
ments badly broken and with disintegrated por- 
tions. They found only 12.5 per cent of the pave- 
ments to be in the last three classes. 

Six hundred and thirty-eight cores were drilled 
in the pavement, these having 4% inches diam- 
eter, the object being to determine the depth of 
concrete, the strength, analysis of constituents, 
etc. “Measurements showed a surprisingly close 
average of 50 per cent coarse aggregate in both 
the 1:2:4 and 1:2%:5 concrete.” The depth va- 
ried considerably, but in general ran greater than 
the specified four inches. The average compres- 
sion test, corrected for cylinders 9 inches high by 
4% inches diameter, averaged well above 3,000 
pounds; but there appeared to be a slight decrease 
in compressive strength with the age of the con- 
crete. 

It appeared that there was little if any de- 
cisive evidence that reinforcement in 4-inch or 5- 
inch concrete has proved effective on the adobe 
and other adverse soils. 

The engineers believe that special treatment 
will be necessary for adobe and clay soils in ad- 
dition to increasing the thickness to 5 inches. 
This may consist of increasing the thickness to 
6 inches and possibly some corrective treatment 
of the sub-grade such as mulching the shoulders 
to prevent evaporation and giving the sub-grade 
less crown. It is proposed that short sections of 
tentative design should be built as frank experi- 
mental construction to determine the workability 
and economical design for roads on such soils. 

The report states that the financial administra- 
tion has been “scrupulously honest,” that the sys- 
tem was well planned, and that most of the rea- 
sons for criticism were brought about by an ef- 
fort to produce the largest possible mileage with 
limited funds. 





Location, Grading and Drainage of Highways 


A book with the above title has just appeared 
written by Wilson G. Harger, engineer in the 
New York Department of Highways and one of 
the authors of Harger & Bonney’s “Highway En- 
gineers’ Hand-book.” This is stated by Mr. Har- 
ger to be the first of a series of four volumes, 
the other three of which are in preparation, which 
are to cover the entire road problem from the 
standpoint of the constructing engineer. This 
volume discusses general principles governing the 
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policy of highway programs, while the future 
books will be devoted to selection of pavement 
type, methods of construction, maintenance and 
reconstruction, detail methods of field and office 
work, and construction engineering and _ in- 
spection, 

The six chapters in this volume are entitled: 
“General Principles of Economical Highway De- 
sign,” “Proportion and Economy in Design,” 
“Classification, Route and General Engineering 
Location,” “Grades and Alignment,” “Cross Sec- 
tions of Rural Roads, Widths of Pavement, Right 
of Way Clearing,” “Drainage.” These subjects 
are discussed quite’ fully in 278 pages of text, 
well illustrated by diagrams and appropriate 
photographs, maps and detail sheets, and contain 
a considerable amount of tabulated data of vari- 
ous kinds. Throughout there is evidence that the 
author is familiar from practical experience with 
the subject of which he writes. It is believed 
that no student or practicing engineer in high- 
way work can fail to obtain much valuable in- 
formation from this book. 





Preventing Cracks in 
Concrete Pavements 
Near Culverts 





Well drained stone foundation of gradu- 
ated depth eliminates injurious frost action 
by regulating displacements. 





Considerable damage is often done to concrete 
pavements near culverts because of the irregular 
action of the frost in displacing the culvert and 
the adjacent pavement. When, as is usual, the 
foundations of the culvert are carried below frost 
line and the foundation of the pavement is not 
carried below frost line, the action of the frost 
under the pavement results in a heaving motion 
which raises the pavement while the foundations 
of the culvert, being below frost level, are not 
raised. This causes a relative vertical movement 
between the pavement and the culvert which re- 
sults in shearing the concrete if no expansion 
joint is provided along the edges of the culvert. 

The top of the culvert remains at the normal 
elevation while the pavement is raised more or 
less according to the depth of the frost line, the 
amount of material frozen above it, and the se- 
verity of the frost. When the pavement is laid 
directly on the earth, or with a considerable vol- 
ume of porous surplus material beneath it that 
can be saturated and frozen, the heaving action 
may raise it from % inch to 1% inches, as was the 
case at a culvert on route A, section 1, of the 
New Jersey State Highway, which is illustrated 
by sketch. 

This condition, of course, exposes a sharp 
transverse edge of concrete to impact and attri- 
tion, and causes it to be worn and rounded. When 
the ground thaws and the pavement settles again 
in the spring and summer, it-in turn exposes a 
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sharp corner of the culvert which is similarly 
worn and rounded, making a transverse gutter 
across the full width of the pavement. The pave- 
ment does not settle quite to the original position 
on account of the loose materials filling in under 
it, and the defect once started grows worse and 
worse and is a menace to traffic. 
; PREVENTING THE INJURY 

Although it is not practicable to eliminate the 
action of frost along the entire roadway nor to 
prevent displacement, both can be done for lim- 
ited distances and the movements can be so ad- 
justed and regulated as not to injure the pave- 
ment. This has been successfully accomplished 
as shown by detail E, and by the plan and section 
which illustrate the correction applied by the 
John B. Harrop Company, engineering contrac- 
tors, Garfield, N. J., to the New Jersey road that 
was injured as shown in detail F. 

Acting on the principle of the total elimination 
of the displacement of the pavement adjacent to 
the culvert and the gradual increase of displace- 
ment from the culvert to a remote point on each 
side of it where it becomes equal to that of the 
regular road surface without concentrating 
stresses or rigidly maintaining fixed positions, 
Mr. Harrop treated the pavement for a distance 
of 80 feet longitudinally each side of the culvert 
so as to control the frost action over this space 
of a total length of 170 feet, reducing the frost 
action gradually from normal at the extremities 
to nothing at the center. 

This was accomplished by excavating the en- 
tire length of the section to form inclined planes 
starting at sub-grade at the ends and descending 
to at least 18 inches below sub-grade and below 
frost line at the culvert. The inclined surfaces 
were first covered with 2 inches of cinders or 
coarse sand well tamped and having at the cul- 
vert a width 4 feet greater than that of the pave- 
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ment, and, at the ends of the section, a width 
equal to the regular width of the pavement. 


On these inclined surfaces. broken stone 1% or 
2% inches in diameter was filled in up to sub- 
grade level for the whole length of the section. 
The stone near the culvert was well tamped with 
hand rammers, and all of it was placed in layers 
and thoroughly rolled. The rolled surface was 
covered and sealed with sand or stone screenings, 
providing a solid surface to support the concrete 
pavement up to th second expansion joint cach 
side of the culvert. 


After the concrete pavement was restored up to 
-the culvert, the drainage under ran freely through 
the broken stone and escaped through weep holes 
in the culvert wall, preventing freezing in the 
stone fill. 


As the fill extended below frost line at the cul- 
vert, no movement took place here and the sur- 
face of the pavement remained always at the same 
elevation as that of the culvert thus developing 
no dislocation or strains between the two adja- 
cent structures. As the depth of the stone fill di- 
minished on each side of the culvert the bottom 


of the stone fill gradually rose above the frost, 


resting on porous material, greater and greater 
quantities of which might freeze and heave the 
concrete pavement more and more as it receded 
from the culvert until at last the maximum 
amount of heaving was permitted at the second 
expansion joints, where divergence between the 
horizontal and inclined surfaces of adjacent pave- 
ment slabs could take place without injuring 
them. The displacement here, however, was the 
same as that of the untreated pavement and at 
the first expansion joint beyond th culvert the 
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displacement of both sides of the joint was also 
the same so that no injury or relative movement 
of the surface of the pavement occurred, and no 
matter what the position or the total amount of 
upheaval, the two slabs nearest the culvert on 
both sides always maintained horizontally or in- 
clined positions without injury to themselves or 
the expansion joints. 

The increased width of the bottom of the stone 
fill at the culvert was provided to prevent earth 
from being washed in under the edge of the con- 
crete. The work described above has proved very 
satisfactory and cost (in 1920) about $250. 





Increased Highway Costs in Oregon 


The rapid increase in wages and prices on 
highway work in Oregon during the years 1915 to 
1920 is very clearly shown in the tabulation which 
appears below. These prices are all strictly com- 
parative and represent average prices on mate- 
rials F. O. B. Portland, Ore., and average wages 
paid on highway work in the immediate vicinity 
of Portland. 


& 
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ITEM Unit 1915 1916 1917 1918 1919 1920 Py 5 
OO I ma Day 2.00 2.50 3.00 3.50 4.50 5.00 150 
Man and Team........ Day 5.00 5.50 6.00 8.00 9.00 11.00 120 
EE rcdiiinancans een Hour 2.50 3.00 3.25 3.50 3.50 3.50 40 
RS Sic cieat Net Bbl. 1.90 1.95 2.79 2.79 2.79 3.60 90 
a ae Net Ton 14.50 14.00 15.55 19.50 23.50 24.00 65 
Steel (Reinforcing ..... Cwt 3.30 4.50 6.00 4.90 4.40 5.00 50 
DT edisceanes M-FBM 32.00 38.00 40.00 50.00 65.00 65.00 100 
Powder (40%) ........ Cwt. 14.00 16.43 21.50 22.25 19.75 21.05 50 
SS eee Cu. Yd. -60 75 1.00 1.10 1.25 1.50 150 
SS eee Cu. Yd. .70 90 1.00 1.10 1.25 1.50 115 
Broken Stone .... Cu. Yd. 1.15 1.15 1.25 145 1.85 2.00 75 
Freight (25-mile haul) Ton 1.20 1.20 1.20 1.50 150 1.90 6 








Road Improvement and Drainage 





Data from more than 500 counties, furnished by county highway officials, giv- 

ing the total mileage of roads; miles graded, macadamized or graveled, or 

otherwise improved; the miles drained by deep side ditches, miles drained by 
underground drains, and some details of drainage. 





The data given in the table which occupies the 
next few pages have been furnished us during the 
past few weeks by engineers and other officials in 
charge of county highway work in nearly all of the 
states. While not all of the counties in the country 
are represented here by any means, the number is 
sufficiently great and scattered over the country with 
sufficient uniformity to give a general idea of con- 
ditions throughout the United States. 

Following this table is another giving information 
concerning statewise conditions furnished by state 
highway officials, and among the data in this latter 
table will be found the miles of improved roads and 
miles ‘of unimproved roads in the state. One of the 
rather remarkable features of these figures is the 
considerable number of states in which the mileage 
of improved roads is aproximately 10 per cent of the 


total mileage of roads in the state; this being the 
more remarkable when we notice in the county 
figures the great variations in this respect, some 
counties having less than one per cent of their mile- 
age improved, while others have nearly 100 per cent 
improved. 

Another interesting feature is the considerable 
amount of public roads in many of the states which 
have not even been graded. In general, however, 
about 30 per cent to 50 per cent of the roads are re- 
ported as having been graded. 

In spite of the recent development of hard surface 
highways, it will be noticed that by far the largest 
part of the surfacing reported from the various 
states is macadam or gravel, there being almost ten 
times as much of this as of all other kinds of im- 


proved surfaces. 
(Continued on Page 334) 
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ROADS UNIMPROVED, IMPROVED, AND DRAINED 
Note: Quantities are given in miles unless otherwise stated 
Total Macadam Other kinds —Miles drained by— 
miles of Miles or of improved Deep side Underground 
County and State publicroads graded gravel surface ditches drains Kind of drainage 
Alabama: 
COIROUN .ccccevccceers 1,100 80 70 pests one-third MONG <= § sven 
COPE ovine cence esaews 275 157 39 ee 5 pee | (Ok mm Vilaseinnese 
PEOMTOO occsccvcccvcves 2,400 205 30 none 205 ONG 8 ——§ -wweC sie 
Montgomery .........- 650 500 450 15 sand clay all ee 
| ee 1,200 150 none 150sand clay oe soeie te D. S. V. pipe 
Arkansas: 
pee See ee ete ee ase 4 +H none 5 none’ shallow side ditches 
S4EIMNCOIM cece evvsereecsce e none evcece RORGO @ 3 #8 8 = =§=—~—~—=—eenese 
I ab elves nyt en eration wie ee ae 290 160 none none 100 n 
NE aca eaden 350 116 2-3 35 onthe Pisioxt aes brenedl 
NE, cs ig. baie 00104003 0K 300 200 none none 100 [eae @8£8=  — — —— eves 
RPO eer err er 220 73 1-3 22 none pense —————e 
Wan BUPeN 0. cs vcceene 300 50 none none 50 none none 
California: 
ED « sigd ances aweeews 0 5,000 3,000 25 none none none none 
DEE a Saskivee e's wm eae 600 540 300 34 240 aes @” Voges 
Oe rrr er 2,000 1,500 10 26 very little ae 8 sigs ie i9088 
Se nr re ee 750 all 5 50 conc. & cem. all none none 
IE rds Sie aicigaginipa a's soe 600 400 200 30 150 ae 00 ees 
TOE. vb ecchcdenee ss 600 400 RaERAES 150 bapeeies ne 
Colorado: . 
OS Sarre oe eee 200 100 30 none 50 none Iron culvts. used 
NEE: 95. a Ko een vie + 00ecec 4,200 3,000 200 ees 5-6 —e. | ertenae 
| AR eerste eae 300 100 5 none none 1 tile 
Rie BWISRCO . wes ccccess 450 40 29 shale none 75 none Peer re 
Rio Granee 2... ccccce 350 all 250 No hard surf. rds. none 26 Land drainage drains 
—— box & vitr. 
rain tile 
IN © is eaicidle niva a aco a 1,800 none none none 180 none oa 
eee ce 7,800 2,500 700 eres tae 25 vitr. tile 
Connecticut: 
BetRICNOM $3 ...... cere 180 3 2% % all a ocr 
RSPGOMWIGR ccccvccccece vend m oH 20 20 ahead  .Leieadaue 
EE, sg ie Ses eee ob 4 5 50 90 s r pi 
TOW TRNVOR: 6c cececcvenc 15 5 3 cement 3 all Ph aa ene = 
2 mac 4 
New London, 
pO eer ee 1,068 30 289 13.5 cone., none 5 rubble drain 
and Tolland : 35.5 bit. mac. 
Florida: 
BE Guicweiundeasee p56 6ee' 250 160 60 clay none 4 none V.C.P. wooden 
gravel bridges for drainage 
DE gies cone tienes 500 300 none Re 300 none ae 
EE iso hia sine mie Riek ce 200 300 +++ 10-12 brk.,conc.,asp..... none open ; ditches 
er 1,500 epee 10 gravel 31% cone. gia a, - ae eae 
sss sanewgse eee 140 110 5 rock none 20 mone g-  _-~_ cveeeecs 
errr eee 395 395 50 95 vitr. br. 200 Reme jj. = «$s% 
— 0 " 
aaa a ake ear ohm ae eee 600 200 100 25 Vv. 2h ‘a 
Bannock .............. 1,000 400  scten wane. 100 oe _ 
I ic ty ha bhai shainora dee 500 cove none none none none 4a 
ae erie ee eee 550 25 7 gravel none 95 Se +) | seein 
ere a 383 122 none all — ogee 
Re eet 526 38 10 none none I ae 
EP: Bashan ianesee 324 324 57 inne —— = ee 
Speen aeariotebsie ant 500 150 15 aan ala races tua 
Ns aiprswore ates ganas 700 350 80 gravel Seamed ‘fete | Snaeee 
shipeuee piacere 2 tease oo 
rer rer ee 1 650 235 100 9 9 
err er er 350 none 2 came widen ae none 
| ra a 700 100 55 2% 70 1 4in. &6in. farm tile 
; laid 3 ft. to 4 ft. dp. 
% : on one = of rd. in 
ee 1.269 700 none 80 oiled earth 40 20 — re 
SES ee ree ae 1,000 1,000 130 25 pavement 1,000 none =  —— eesess 
MN 05s ioeiaceinionnwaraacs 865 600 175 50 brk. pave. all graded rds. 25 tile 
eg rar 800 nearlyall poorly 50 90 gravel, 5 conc. ee practically none ...... 
. eee 732 300 none 50 50 — i °° °» 4«<——_, 
yng erste ds 1,500 1,300 pies 30 very few me ‘tile 
BROMGOTEON «oc ccveccccs 619 400 2 none 400 “a tile 
errr er eee 1,500 1,000 20 3%, mi. brick 100 2 tile 
EE, ila Naha lg eracani hia Gr 900 700 none none 10 2 tile 
OO ee 634 all 3 % cone. 3 tile 
aoe Lace ea Pala ce tok adeecaate . ve 300 300 21 Dn 
MMI occ giesiet co en psies Lin 4175 all 22 9 0 ie 
BEAPION. 6... occ cvccceas 1,200 300 1 2 Png 500 none eae 
Ie 400 all 100 none numerous none none 
McDonough .........+. 1,095 500 none none 50 40 tile 
0 er rere 1,008 1,000 750 3% cone. short stretches 3 tile 
Monroe ......-ceeeeees 600 150 25 1% cone 300 none ; 
Platt .......seesstiese 600 » 339 ie: 7 brick 300 300 ‘tile’ 
este eeiee vie 4. einiees "90 2, 40 1% cone. 50 ony {hose showing tile 
Pulaski & Alexander... 965 1 0 cunen aqepaee , 
DMRNR oo. cece sccese 800 600 8 — eee 1 tile 
I cla oth in ig bute ara 600 moe 2 ee 3 500 See | od) ares 
, te det psd aia ww OL aveice wicaes 800 300 1 5 ‘ Os oes . tile’ 
eee are es ( 2. 
400 none 20 eRe ...e. mostly open ditches 
DBtOPHERGON 2... cccecs 7 at roadside 
Pp 1,080 700 100 5 750 2 ' cile, % mi. brick 
itis dpicctiovien 1,002 $90 75 a eee arene 
Willi: : er 500 MOMGE = =—=§ «cseose 
ite... eee 860 25 ° 17 all Soe OY 


WEN vk s cescassae 900 890 15 5 890 100 tile drains 
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ROADS UNIMPROVED, IMPROVED, AND DRAINED— (Continued) 








Macadam - Other kinds 


—Miles drained by— 





Total 
miles of Miles or ofimproved Deep side Underground ; 
County and State publicroads graded gravel surface ditches drains Kind of drainage 
Indiana: 
a ree 839.44 all 833.92 5.52 all ae: i wees 
a 1,600 150 80 none 230 Soe - # # .s#s#s*% 
DT Susbhccnween ane 750 750 400 8 all very few side ditch & 
cross drains 
ak ale art te 750 100 100 none none none none 
a re 2,000 none 200 none none none tile 
a, ae 700 650 495 10 650 8 red drain tile 
SES 1,500 1,450 750 50 1,000 1 tile drains, burned 
clay field tile 
SS Te ere 1,000 nearly all 400 none 25 none side ditches not deep 
enough,many filled up 
Ee ee ere 1,100 1,100 950 34 all mone go qj -_~_— eesrecs 
BEORtMOMOTY ... cc ccscc 600 abalial 550 a ene jeias) | rereewe 
0 Eee 1,000 385 385 10 brick, % mac. all BORG 8 ~~ evevccs 
ES ein icp. richie. ete wee 634 600 333 none 300 a iit ie 
a a ere 1,200-1,300 oes 930 ohn all 2 tile 
RSET Sa are a 6,000 350 339 1 cone. none Se 
Shelby o Men 0-6 @16 :0 6.0: 0106.8 @ 1,000 eee 500 4 cone. none Sn a ee 
ey PE 6.85. n0ceeun eam 834 all 40 60 100 2 clay drain tile, also 
some trench drain 
TISBOCEROO 66 -sscvves 980 976 680 15 75 tile where a 2 ft. 
ditch is insufficient 
Stn ie agra ie im HM 850 450 425 25 bk., conec.&vibr. 2 or 3 5 6-in, tile 
lowa: 
pO errr eee 1,100 35 none none 150 none none 
ROGERS 605s cese0ees 1,008 200 none none 4 SS 8 8=s—isi#s«L:« exe 
SS Wii w.ctinie ties emaie 1,160 300 none 52 300 5 5-in., 6-in., 8-in. 
drain tiles 
NE ag ble seis Belpre @ 864 5 2 none 125 15 tile drains 
OE VURER. 2. cc csies 1,100 170 135 none none all tile drain 
ie soci lance deine acai 1,500 5 none % none mone j.  -_ cevecs 
Ep xsic ch weaned ewe 950 14 2.25 none 400 very little clay tile 
Corre GOorde «.....ccis- 1,074 75 21 iaead 260 tile drains 
(clay & conc.) 
CGE «5 occ ssssecae 1,100 1,000 50 ae 1,050 120 tile drains 
CE Ubdigs stu dee iba nwaces 1,000 205 142 none none 150 conc. or clay drain tile 
some surf. water inlet 
ee 1,390 131 none none 3 i ee 
OS res 1,100 70 48 none 1,000 300 6-in.drain tile 
rrr 900 600 30 none none 20 tile 
DOG BMOIMES 2. ...00s60% 761.6 50 5 1 cone almost all 15 farm tile 
ee 350 80 45 none none 20 6-in. tile 
ae ey 1,000 50 30 4 er ion tile 
ee 750 106 99 none — 32 tile 
rene 1,000 35.50 20.16 11.56 conc. sci 40 tile 
EE nis vane eee we 1,000 300 6 none 200 15 tile 
ee a eee a dell 2 earth et ee vit. tile 
eer 1,000 91 90 none 10 300 6-in. tile 
Ere 170.5 14 none none ie re 
| are 1,225 730 none none 78 16 tile drains 
RE eer 1.100 800 none Mone 500 weet UC (tw:t:t*é«‘ 
EE ae kcicin'ie hdnwas 1,800 50 13.5 none 100 50 tile 
OO RES ar 1,400 10 27 3% 1,200 30 6-in. tile 
ee errr r cree rT Cre “ oe ont a none 100 none none 
VOM coccccccvesvcceces bh é 7 1 lay-tile-drain 
CO ee ree 1,130 1.50 none none all ominous “— a nee ‘ 
TS eee 1,100 400 none none 1,000 60 tile 
EE. Gisivwtyecsseseo mele “+e 5 eo ‘ane 1 6-in.-8-in. drain tile 
a ere 1,368 7 none none 166 Se: i #  ~ewnece 
Pr rrr 500 10 re Ngee Pie a oa eros 
BEOREBOMOCTY 2. cc cccews 990 15 none bic Leis oe en 
Co ere 742 32.80 10.08 0.4 111.57 ae tiling 
POE A Sect eee esiainweis 1,125 860 _ hone 1 2ft. below shldr. 25 5-in.-24-in. clay & 
a conc. tile drains 
a 822.36 160 14 2 cone. pav. 3 30 drain tile with 
numerous ditches 
POCRRORtAS «oi cccscves 115.7 21.4 63 none some in 6-in. drains-tile 
each mile 
tea aie an aii ede dane 1,100 150 80 none 300 75 5-in.-12-in. tile drain 
DE Pisa so kes bkuie eee 695 50 70 2 brick, sais 15 tile drains 
z 8 base for brick 
PRS ods + rapa nee 140 20 none none all 5 tile 
aa ikea canoe are 1,325 all none none none 5 6-in. tile 
po rere 700 200 none none all 1 6-in.-10-in. tile 
..., rer 1,200 10% none none 4 5 tile drain 
Cerro 1,100 none none none none none none 
i, a ee 102 0.5 none tteee 15 6-in. tile w. intakes 
pk rrr re 1,000 none none none none none none 
. .. arn 80 300 50 none none 30 tile drains 
Kansas: ai 
ere 1,056.5 90% 42.5 0.92 cone. none BORG © 8 sewer 
SS eee 1,152 all 18 none all mone — eesecs 
BEE - bea eesamown 928 all 6 3% 100 oP) tile 
DE Sc GawkeWediaeawwote 1,115 400 12 tee none —S 8 3 83 erences 
EEE ee 1,873 1,221 3 5% 160 ee 
re 1,159 % none none none none none side ditches 
CO Sree 1,185 1,000 130 cee all none side ditches 
ee, 1,190.58 all 28 none 1,140 sem @8£=— tees 
ns ahd eas aie eS 1,000 700 20 owes 700 wee 6 gmamabmie 
ne 121 all dirt surfaced ge paene inns faces .§  . Shicocuiem 
NE cineca sesame 1,050 325 5 10 sand clay none as #@&3}4 §° Coenen 
ES ieee 630 370 10 8 conc., 2% brick 5 re 
Ore re 1,400 300 none none 200 none culverts 
ERS eEe rn 250 80 none none none none none 
ea . 180 all 25 none none See. $i s+#eaae 
DE. £664 6swewen es 1,020 all 25 100 Sve short stretches tile 
PE cccveeseneoews 1,500 216 none 30sandclay 6 —- i #ecnne 
1,400 210 20 none 60 none jonwen 
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ROADS UNIMPROVED, IMPROVED, AND DRAINED— (Continued ) 
Total Macadam Otherkinds -—Miles drained by— 
miles of Miles or ofimproved Deep side Underground 
County and State publicroads graded gravel surface ditches drains - Kind of drainage 
KKansas (continued): 
ON rere rr ee 240 200 2 1 conc. 20 ee 
BEE, in igtcosesespens 1,700 100 none none none none g- —— eevee j 
BICPMOTSEOR .cccccscecces 1,869 1,400 6 dirt all ——- 8 6=—=S— s**t Fgeeiee% 
re ee 770 700 none none 500 none conags 
ERR 1,132 700 none 1% cone. 200 BORG 8 ea -iwerss : 
Montgomery .....-ccc-« 1,275 1,100 19 3 175 none none 
PERE, 6. 9 8 6006 000 s00% 1,460 500 serait egies 10 hades . ~~ ‘iwleagres 
| SE reer 1,501 500 none .none all mn 5 
EE Sr rr ee 1,153 173 none none all eae Es _ sR 
RS rr ar 1,946 Li xe 2 gravel none all  __ ae 
ED cg o-a na bons ewes 1,500 250 none none aH. - See Cl ete 
Sedgwick .......-+se0- 1,958.92 1,500 cess 46 207.7 tae. i —° tees 
PD Sivcccexwseness 986 250 50 10 cone. 250 2 catch basins & 
Sewer tile 
Smith ccleaner eelaecanre oie oie 1,820 alltemporary none none nearly all none cisanan 
eS OO eee 1,200 500 none none none none none 
WADGUMSOE «oc cccesces 1,500 1,000 5 none SR eee 6 ti. cate bre 
Kentucky: 
II oionigaro-er ab -0-4s8 woo 300 75 60 7 crushed stone none none oor sane eee 
: ' medium c 
Berroa rE Ce ee a 1,300 oe a none none none none 
PROMO cece swcncev ees dees Jae ks eee i 
SE. «4066666086008 750 107% 104 1 rock asp. none none sad 
WIG ccccccs eres T. 700 350. 300 none 700 none ws 
IMI oc oo-0csencnnes 250 155 155 none 200 none ‘none 
a ee ere pg 23 cae “mee. 9 cinder = a) of 
EE ssi ac cena Gera ach wie aes Se tt = 
BEOMNTBOMESTY .cccccsece 300 130 130 none 100 ae CC igtaaseiaats 
EE Nc. Sai dere heey 1,200 $ none none 25 oS ne 
ere cee 250 200 , 125 ‘paey. 100 ims . > ° jae. 
NE a a Cmeciaiare a8 600 400 400 12 surf.treated ..... none we 
eae ieee ene 310 15 Plc volta all none edit 
TEGCRORSTIO occccccvcte 500 48 12 none none ee er 
0 =r cigheraabaedt ecm 450 500 450 20 500 a 
EE owe aesemee errs 400 83 10 none 83 none stone & concrete cul- 
Louisiana: verts, pipe culverts 
POE 6. occa tr ewsie eee 600 100 35 cilia 100 ro a ee 
CIEE sciesscccssaes 150 85 7 none 85 none corrugated & V.C. 
ina pipe; concr. culverts 
aine: 
| ES ee er eee 3,000 50 10 40 50 a ~*~ ere 
Maryland: a 
Aida easier eee’ 425 200 aa 16 conc. none few 4-in.-6-in.underdrain 
Massachusetts: ‘ 
EE aratg cco gnee aay ele 140 _ 40 10 ates ae bh aia, tile 
Michigan: 
EE awnesecdeeenniaee 300 200 35 ] 
settled tat 1,600 250 175 ey ae ee eaiaetyrs 
Dickinson . 150 80 80 een none none none 
a, ree ee ee ee ee 250 230 none 1 2 tile drains 
Grand Traverse pert eee 100 gravel very fow a Hie za estar et é Z 
PE orsccccese ees 200 180 100 5 stone none none eee 
BEE 600s cece secures ere $a 100 gravel none pare . ae 
Lace are rrereess wrens 350 338 ot Pee 9 ee ite 
re ree 1,300 3 3 me ton ait ae 
EE dca siaawnunea 300 220 190 one : << 16-in. wit. pipe 
MEIBEBUNGS .25csecs ese 685 some on all 138 e 3 te open 
ee ere eee eas 78 78 a  . _ ne 
Minnesota: . 
I iiicla Grd a rawcaal aires 260 200 49 gravel 
oy Erase 436 400 30 pA abe a ee 
DE PONY 6 c.6 4660600 200 111.5 89 8.5 oiled 25 - ] 2 com. | til a 
EN, Sia. G wine xd easirem 900 allsomewhat 150 grav. none 200 o clay & com. tHe GF. 
Carlton Se ete ee 700 400 96 gravel ee - none Wide cies 
aac kane vee wee 4 grave i ? a Se wel 
re 960 300 50 gravel aeamian 40 Bone si: ee eS 
a... ....... 850 none 10 100 tile, cement, clay 
DE ies Raines on 5 200 87 pas 100 
Cottonwood ........-- 1,300 500 35 ° cs 19 6-in. tile 
ns ie canons sans 906 mee 66 hh = none cross tile drains 
ee  ererereerrre . 1,200 120 21 ne none mone =————gaese 
Goodhue .............. 900 100 60 —— ae. 10 cement & clay tile 
Rhine sxwesiiernninws 110 60 30 Gane “66 oe a : 
TEGUDATA. .cccccvvcceccs soae 150 none tom etl 3 2 tile drains 
Isanti ...-+++++++++0+- 750 4.5 38.5 ae none sereee 
ESE EO 1,364 100 25 * nh he re ES ih hci 
Kandiyohi 22222220022: 1,200 75 50 gue _ Ra clay & cone. tile 
Tac Gui Parle «occ 1 300 ne 125 a "300 . a een 
9 eee « secs-,0—UCUCUCUOOi“O ‘ ‘‘O‘(OO(‘(((C(C(#(((NS.SCO(ONON#N#O:O”:”C @S@=-@ 6°34 ° 
—— Ae rats hy ried = ant none allthatisgraded none ...... 
Marshali ....... aedied sete 100 45 none = re 
SS ear ee 800 141.75 141.75 grav. ‘pepeiilp 8 ete | ER Sa o'9' 
Millelacs .........ceee. 123 99 67 o'tse* 4 tile 
SE. cc cyeeeaneus 745 500 400 gravel 2 mac. 99 none none | 
SEE <5, uneemsion ae? seals 90 50 a oes 10 conc. tile 
a ee aed eet 1,200 90 70 gravel - 80 4 tile 
Redwood iekvnewsvue 245 220 190 parc wc ee — — on 
DED. Wkiaea pane ieee 2,633 130 41.5 gravel - me, e 
Saltash 2,100 1,000 Brso0 «3-9 Sand clay 130 mone = ee see 
EN ie A cviaiy ee bieeraleades 500 300 200 gravel aaa ies Hest hes aboot la 
Stevens .........+.06. 1.53.3 97.1 16.84 gravel 5.599 conc. poco ca none 
DE +i vcédweecccaaaed 1,500 300 80 gravel 7.4 conc. 75 by drainage 60 tile tile drains 
Wadena ..... Ce ccevece 600 oe 3 gravel 3sandclay a oo 
WINONR ..nncccccvvcecs 650 125 | 45.2 mac. 14.9 conc., 3.2 brk. 100 none aeahe 


52.3 gravel 
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—NMiles drained by— 





tal Macadam Other kinds é 
me of Miles or ofimproved Deep side Underground earai 
County and State public roads. graded gravel surface ditches drains Kind of drainage 
Mississippi: i 
EE ono 66k oa oS OS ok 237 38 34 none none none lin, deep 
NS a nc owen eee 300 11.8 none none 1 none o# j.-— eses-» 
Serine re 700 300 4 none sea enn ho : 
OO re reer 500 160 160 none none none cae 
eee 1,000 750 309 75 sand clay 750 750 D.S.C.V. pipe, corr. 
iron pipe,culv, 
Missouri: 
| eee me 750 400 none none many none various 
errr oe 800 all none 5 with oil all fairiy nOMG j- + erecas 
well drained 
ee ere ‘eae 37 none os 37 ee: eee 
ES ee eae 200 100 25 none 125 cele ©. aust a, tea 
TEE Nici gh waeadiane Buia 400 100 none none none none grader side ditches 
a, EE 1.100 esee 150 none cos9 —— i». -= eben 
SE ee eerie 1 040 800 none .e- allthosedrained ..... | = eseses 
S:, reansswwnwesowks 1,256 485 170 none none but none none 
good grading 
0 eee ee ee 816 all partially none dirt all shallow none none 
some fairly well - 
Mississippi ........... 515 300 none 514 200 70 tile 
NN et G6 6 ona arene 1,000 all somewhat 30 none 14 mone — «ees 
TS sidicew com aaah 800 100 none none none mone  _ _ ewesess 
ee 950 400 225 none 300 ae = —i(‘(é;éstltit#tC ; 
a errr re Te 400 all to some extent none none none none natural drainage 
Nd Gilee ee a aie 900 : all 50 gravel ats 150 —<. tens 
0 ae 625 all none none all aene .  ___ sevses 
EN oo kcciarca aw aes eee 500 4 apt me 60 eae 6 ~OCOC*«s «ys (Cia 
NEE.” Scriacsaasipc tet Guah Ge gn 1,200 small amt. none aoe 060lClC Ul (ttt:t:t*é‘“‘é 
Montana: 
BORVORMORE ....cccivece 1,300 700 10 none ae “tenn side ditches culv. 
rr ee 662 408 7 gravel none all’ none .- — esses. 
BEE Siig 6 516 bedw-s bedi. ee 1,200-1,300 500 40 none 60 ee i ere 
Carbon .... 1,500 200 26 2 cinder 20 —- #&8 “66a ee 
eS Pere rr 6,000 1,200 none none 1,200 mone  — ——— «esses. 
VOTERS ..cccccrsesesss 4,500 600 12 % conc. 612 mone | ———— «eeee. 
ee 2,000 500 80 ie al 80 none surface 
Sg ie owe tha Ow 350 150 20 none 20 mone ~— «eee. 
DE 6 66s pakwicweenlee aes 800 200 15 gravel none 20 none ga eeee 
Re 1,100-1,400 240 15 none 20 none ditches made by 
blade grader 
Pre ere 620 206 39 none 5 none sees a‘ 
rrr 1,500 1,000 1 4 cinders none none side ditches with 
drains, culverts. 
cone. pipe 
eee 640 220 27 gravel none none "mone — eeeees 
ec, re 1,100 500 none none mone = ~— «sseee. 
PEN 604 sda sas awe 605 200 25 none none mOne |. —_—— eeeees 
LO. ere 2.800 250 3.3 none none mone _~_ «eeesrs 
WeRMMEIGIE 2 vccvcctoens 350 175 0 sabe £ scaidh jae i ° ' ctwewitite 
YVellowetoRe@ § «.cccscces 2,500 1,800 50 gravel conc, most of grad. Td. <:.... | +  evesees 
Nebraska: 
ANTHOPE ..cccevccvers ia 500 3 gravel none 100 none open ditches 
SO ee oe ae 560 125 none none 125 nemo ~~ evsens 
ee rrr. Tre co.is15x31% 412 21-22 grav. none none none none 
a Serer re mre 1,080 1,064 10 gravel 6 paved ee oe se eeee 
PE occ micemederin 55 14 9 10 1 none open ditches 
at a i a Ga Aer ind 1,500 1,000 2 none 50 RONG | _ espace 
oo eer 200 75 gravel none 50 neae 8 —=—6( hf e.en 
EES a ee 1,300 900 none epee 125 ugha sees 
Serre ee 500 25 none 5 20 none ditches 
a arr ee 1,100 60% none none 10% none open ditches 
ER aoe 200-300 100 none none 100 Some 0Ot:=i‘<i‘i‘i i*‘“‘#‘C#*CO#OCC OBS , 
ME 4Gnbén sae cdédeue 900 600 none dirt 50% 10 8-10 in. drain tile 
New Jersey: 
eee 1,500 350 200 50 steee er 
CUMBUOTIORE 2c occccccce 700 600 1% mac, titans none MONE  ———_ ss inaaaee ‘ 
NS reer ere 1,000 100 80 8 pen. mac. none several mi. French drains 
«cbs os axavee eee pee 150 133 15 135 25 French drains, tile 
drains 
ee wares 211 all 155 56 steee 2 French drains 
Southern Division 220 205 130 15 bit., 60 conc. none 10 French drains 
EL £0 os ws eaesd ues 950 80 80 none 15 30 stone, & 6-in. tile 
and stone 
Re bicbé eu ecrsonwann 797 700 238 119 none 10 4-6 in. pipes, 30 in. 
deep, in stone filled 
trench 
New York: 
to, ere te 1,250 all 75 5 20 ore tile 
ee ae a 1,490 75% mac. 160-15 conc., 90 bit., ae small sections tile & French 
gravel 300 15 mac. drains 
Ce ee 1,746 1,746 105 65 1,500 25 4-6 in. tile 
ee ee 135 i yee ee eee ae, * — sees 
Pp errr r rr 2,200 600 500 100 60 oe CC )6 CCl 
eee 1,422 1 422 275 (ne 400 hisee, 0) (Ct eee 
ES Kaw 6106s eee aude 1,330 1,330 1,038 mac. 8 ceeeee | A ee eo” Oe 
; 244 gravel 
0 rere 90 70 46.65 18 2 none none 
re Se 934 80024 brick, 85 50 gravel nearly all 1% farm tile 
conc.,. 150 oiled, ° 
200 W. B. & stone 
QUURRRD occivcscvivanes 720 720 cam 720 meme -- = —s pw asb's 
PEED Setweneessomeu i 1,714 900 337 425 none ae . , sevens 
Pe cisctccteusst ee 2,251.50 200 146.75 13 conc., 2.01 Top. ..... oeoss. * *-  Peheveu 
BE «ciheGe ees waark hace 76 600 20 10 700 2 3-in. tile 
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ROADS UNIMPROVED, IMPROVED, AND DRAINED— (Continued ) 
Total Macadam Otherkinds —Miles drained by— 
miles of Miles or ofimproved Deepside Underground 
County and State publicroads graded gravel surface ditches drains Kind of drainage 
North Carolina: 
eer 1,400 800 none mone eg ii ese 
errr 400-500 150 75 35 all that is ser aded none ——— esses... 
err er 200 100 10 50 brick ‘cates or  gipveteenets 
BIND 6c dcr ecerww vee 800 = 109 20 enndicy none veces 
Me eee ee 120 none 12 asp. 25 5 tile 
er re 1,500-1,750 500- 00 350 grav. none eens 10-25 tile & metal 
Washington ........+- 200 200 none 50sand clay 30 none shallow causeway 
ditches 
po rrr rie rere 200 50 none none sade tees 4. ‘burials 
BEE vnc ceewnraween 1,200 500 50 gravel 300 sand clay Se Se ee, = “Wie! ae 
POD. K6cvsndeseswees 450 250 none 110 ey ete peaaaee side ditches & 
drain tile 
PN wince: oeccnaraca wtléae. 700 200 16 mac, 90 all shallow ie - | a eienaete 
Yancey eer re ee eT ee 700-800 40 2 none 12 none  é#§=$§* eesvr0-« 
North Dakota: 
eee ee ooee 500 10 none 125 a 
Grand VPOrks ...-cccces 1,000 500 40 gravel none 150 none triangular & fiat bot. 
ditches 
re re re 500 200 5 none 10 ——— #@&8§ ~teess 
ME ko.cack eo nesee pana 20 none none 20 none open 
CO ere ree ee 1,800 100 none none 20 st ¢6=—6hClté—‘(‘i‘“i«é‘C ew 
rrr er re 3,060 500 dirt none none bisces none corr. meta: cuivs. 
Ss nig ais eps wen are 1,100 half none Svititen 50 none open drain 
ED Sesic ceca ears ane a 50% 50 6 clay surface 10 none none 
UNE aivicc'n uw pawma ese oe 2,700 100 10 gravel none none none none 
Ohio: 
WOM. ser oracts ce ticeaeunaes 970 all 900 5 brick,11mac. all, but 300 ciay tile 
not very deep ; 
BO ere 1,280 ere 35.6 mac., 100 eee tile 
e 60 gravel Bn 
CN a apo cwevawiee se 900 18 12 6 eerie none side ditches 
CROMIDGIGR cicccccvces 800 700 700 25 ee a .pemes a 
> ar piarermieve's 878 all 720 158 60 4 farm tile 
er re ee 990.04 569.75 420.25 1.04 conc. none none none 
ENE. "Shc ni ewialin. we Corb 756 700 620 3 5 none . ——— eeesce. 
COMEMIMIORE cécccesoewce 1,251 10 62.87 72.79 brk., 1081 cone. 50 =oee @£8£8= —=— ee eos 
Coshocton ........ oeee 1,265 26 12. 13.5 none none _none 
NEE ine ReiansoGe hansen 1,292.56 1,069.91 1,044.08 25.83 8 65 field tile in gravel 
’ in side ditch 
RNS ceciotis anetemae-e rece 2,286.90 400 41.2 gravel 30.70 8-10 iota tile 
248.30 mac. 
EEE, 5. gan alae eres ea 1,000 amie 700 5 all Boas: «§ jj. i ammamtasd 
EE. on sense Be 0eee 650 all all 8 brick - all lin. to 2 ae 2 2—s« Saas 
in. deep 
0 Ae rr ern oe 4 882.88 323.88 ¥% Brick sepa siasishas eeeses 
NE oor rc niese asi dienes 417 597.25 none all seein tile 
Highland .....00ccee. i; 077. 1 560.98 182.03 mac., 3.5 marl. 100 Ss @&8&8 38 &ewwres 
330.59 gravel 
ee er 1,000.74 39.89 15 7.55 - 89 oe @= = ————i—‘(t‘({CRiW eS 
BS eer ree 1,019 650 245 20 none i; Le He 
BEE oro gixgasitaneeaucee 1,410 400 425 26 "150 2 tile & French drns. 
ee rr 787 eee 500 1: brick 501 patina eee 
oi cig.torig disap were 999.6 60 4.75 16.30 1 ares. open ditches 
Saree eer 595 95% 200 12 a. : brick 100% c-,. i iam-oe 
PICMOWEY occ ccccesees 802 639.6 22.9 sistent Me 0Ullltti‘(‘“ 
errr 1,111.2 Re 587 Suen aaa, 900 tile 
0 RP rie are 1,310 800-900 244 3 brick, 6 cone. 130 4,100 lin. ft. field tile 
EE Nae Ode canoes — 1,093 re ies aware nes ier |  cugiainmiecrdias 
er 950 900 503 42 500 200 clay tile 
| ee re 870 all dragged 16 58 brick, 36 conc. ..... meets roe tile. with cinder 
: or gravel 
io; 1,371 450 350 40 300 14 tile 
TUSCRTRWRS 6occieccces 1,32¢ 200 102.6 47.74 oe dees j.j.  § ieee 
UDlon ..cecccesvcevors 828 all 661 6% all 75 drain tile 
Warren .......sseeeee 789 re 20 mac, 2.48 conc. none none side ditches 
POUT oh ws.ncas.o wens 953 900 144 9 500 very little ditches or farm 
tile con. with 
catch basins 
Oklnhomal 
eer ‘ 2,500 600 none 25 sundclay 100 ae ees 
i... Se ee 2,500 200 none eecce eccece eke, jj |.  tprévibraiciy 
SE Sh apennee 6 6:ew ews 1,600 600 37 none ogee none ce ageaiace 
Ce 722 350 none none 350 “Fae 
MEE orang aniatoere\getrerke 1,115 eee 2 aes all seee° £8 8 —=—s #8 8 
Nd acddiereawmew~ = 1,513 200 none none 25 ae 
0. ae eer are 2,100 5,000 none 7T7conc. & asp. all eee @8= ——_s ‘wre ees 
EE wea clnig ar Gr ae: 2,200 175 none none oa cee | A Games 
OE re 1,480 148 none none 148 eee 
EOP ov vccceccees 1,845 228 lconec. 16 sand clay sigan s Seaes side ditchces -1-5 ft. 
PEE er 300 75 5 gravel Eee are none culverts 
BE 6 :erei-n'er Ome meee be 1,500 200 5 gravel owabele wees none culverts 
CE baer deaves nebinders 271 214 none 64 51 [—s 3=s—(isc“#$A’N)N WHEE 
en rrr ee 700 300 3 150 very few he culv, where needed 
Pottawatomie 1,700 210 none none none none * none 
Oregon: 
DN! scp owe nadee ena 1,300 500 16 crushed 200 gravel 80 350 metal culverts 
rock & gravel 
I a 1,250 00 700 40 asp. conc. 900 wages cross drains of 
cone. & wood 
Ec icaeietan een ween 1,000 79 33 none 79 cross culverts ditch & culvert, 
iron & conc, 
Multnomah’ ..... 0; 500 500 250 100 ieee Vee tines 
nO 4 cacseretiianh sie te ecee 300 200 SOO TE-TO RPE OUETRRO 26cc0 lS tt—~«~«—ststs«*ésé«C www 
EE re ore 550 250 5% none all none cross drns. & culverts 
SE hs co-sign aacoonieon 310 50 s 20 50 SS @& 8&8} 8 8 8466‘eesaes 
pistes ere 250 14 conc., 11 bit. none 10 tile 
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Total Macadam Other kinds —Miles drained by— 
miles of Miles or ofimproved Deep side Underground : 
County and State public roads graded gravel surface ditches drains Kind of drainage 
Pennsyivania: ; ; . 
ATMBITONE «...6. os6ccs oe 14 none 4 in. vit. tile 
BE waeses een ecse enn 1,671 10-20 70 conc. & brick sone ieee tile underdrain- 
' ditch, filled with gravel 
NE pias oe eegic tin eal 750 100 3A 28 some mae 9 -. Seeeee 
oo ee ee eee 500 rege 12 mac, dirt mostly all none - ~~ eeeees. : 
eee “ Rae 20 aes conc. tile 
Rhode Island: 
a eee 25 20 2 topeka., 20 15 5 storm sewers & 
3 tarvia open throat 
Ce! 75 all all gravel none all mone =  _~— «eee. 
South Carolina: , 
POON WOO 2... siecccaes 2,200 260 none 117 40 20 4-6 in. farm tile 
South Dakota: 
| iets eee 198 70 shinies —_—, 15 ceca. | erik 
CORON oo 5 bssssesccic's 1,280 626 15 gravel none 90 mone = — «eeee. 
SRI peepee araeareens 3,200 150 none none 150 ae #@£8=—l|_| aftene 
Oo, ER eee 600 452 crush,rk. iseen a or metal culverts 
CE. sc seanenimacias 864 200 10 gravel none ay ‘few placestiled _....... 
eg eR nk Reig aisles» 1,500 150 8 grave! none 300 none none 
eee 225 200 lgravel 5 clay on sand 50 mone = — —  — eeseee6. 
cera apa eee 500 200 none none eteee none sees 
a. ea ee ee 856 10 grade none none none various places on tile 
private ditches 
ee er eres 500 200 none none none none none _ 
OS ee 1,600 200 20 none WEN 5 tile drns. cem. tiles 
7 ee eee 1,200 200 10 none 15 mone -— —  — «see. 
MN eileen) xen bias 5% 1.100 150 11% none 140 mone j.=-———— eeeee-s 
ee 1.500 65 65 gravel none none mone j.g- — «sees 
eo an Nc ath 500 158 none aad none none culverts 
. .. Sea ee 3,200 half none none not much none none 
ar ere 440 200 none none ae nome g§# £ —— eeseses 
ES is cas dine bed oe 3,500 500 none none Gia t ‘— i %smpel’ 
PN ite andiiahinm oistidie a ale 250 none none none none em = \oetereiares 
wf rr 870 275 none none none * none open ditches 
a 210 46 none none 22 4 4 in. tile 
Tennessee: 
Bedford, Coffee and 
IE Cis s aieg. Gigiamels 600 150 50 none none mone go i _cves..e-. 
NN aso beings a anak 209 40 none none 40 MORO 2.2. meeees 
ae 800 25 115 none 50 140 metal & conc. culvts. 
ER OE re 1.500 437 zie none none neee - seesse 
eee 900 900 600 100 all RR 6s cs eee 
OS, re ee eee 80 45 8 ...-+ metal & conc. culvts. 
ere ae aca re _— Ulli Ul Cm SC! CS ON 
ER Rae 600 200 40 mac. —— ‘ie “ae,  —.——e 
EE ee 300 i190 75 none none ane i i ‘abe 
Tipton & Lauderdale.. 1,100 all none none 30% none = ._-|-~_ evcesers 
Texas: 
ee 125 100 sand clay none none none little required 
oo Sai caaid. a 0am me 1.500 800 30 gravel none 800 none none 
CR, Sc sdiedeee sane 800 100 50 none cases conc. culverts, corr. 
& vit. pine 
ee . 50 5 2 cone. 20 none — — —— «ese. 
CED. Wcaebwcnses cues 250 half none none all that are BONE qj. iii evvrece 
graded 
So . 821 400 100 none 50 mone = j.--~_ eeecece 
ae, eee 256.3 138.5 54.5 gravel 14 sand clay all mone .- — — eses-e-. 
eee 190 none none none none none none 
2. ft eee 500 200 18 none 31 6 8=@€5=S—ids tee 
oS errr eee 790 70% 70 none all amaie a open ditches 
Ee ee 1,500 1,500 350 Tonia. 200 os #&83}}§ weerres 
re ere 600 300 10 none oe none none 
EAOBIOMY 2 occ ccccscses 900 90 5 none none —- 8&=5=_—( <j‘ Clr 
CO Ere eee 300 50 pula aS 20 cama) |. . elmer 
Milam 900 750 254 none none none none 
er ee 2,000 120 6 none 175 Reno 2 8 =~] weeene 
og ere eee 500 300 210 none drainage with —— i i i i pean 
ditches on grade . 
tne enh... oO 800 100 2 none eer a i aaa ‘ 
San Augustine ........ 250 70 12 none none — +i i i i i «ose 
ee 350 100 16 none 30 a 
ere 1,200 500 400 130 ones ‘ee os i°" «-xuheew 
ees 200-250 150 ~ none Siew none | a 
ae, Ree 200 150 70 none all none natural 
Ee ortairp eames 400 144 55 10 107 nn ee ee 
Vermont: 
ee eer 779 300 6 mac., 7 10 5 “Vv” shaped filled 
200 gravel with loose stone 
PI ave So nent banc 1.406 200 200 5 all drained loose jointed pipe in 
ditch filled with 
gravel & brok. stone 
Mo. es eee 1,466 100 95% gravel 5 mac. none 20 stone drains 
Virginia: 
Ser eee ere 1,200 250 190 eee sb leasiaite ‘—_—" $ |.  sebew 
pe 200 200 none 200 soil none ee eee ne 
errr 200 68 22 mac., 1 cone. all 68 T. C. pipe, corr. iron 
45 soil pipe, conc. culvert 
a, eee 1.000 100 72 8 conc. all as .  «. heaven 
Wansemond «.:...cccess 125 100 30 5 25 ae 
YS Se es 200 200 45 ‘ 200 cast.iron pipe. corru- 
gated metal & clay 
Washington: . 
arr 1,978 235 282 none 235 oe 
EE i wraioia aiid oie alana 2,100 1,500 200 none 20 none none 
a 600 genie gravel ate all Rs Sg re re 
CURTED occ ccsssesccees 2,250 400 250 50 hard surface, 25 % shallow side ditches 
23 conce.,. 27 bit. & frequent pipe culvrts. 
en 2 600 800 400 0.1 conc. is ie- |. ies 
WE 6855 5 cae 300 180 150 none 50 4 4-6 in. tile 
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ROADS UNIMPROVED, IMPROVED, AND DRAINED— (Continued) 











Total Macadam Other kinds —Miles drained by— 
miles of Miles or ofimproved Deep side Underground _ . 
County and State -public roads graded gravel surface ditches drains Kind of drainage 
Washington (continued): . 
Selpeton 4 b bie Srars torn te d ; 200 50 150 none none 5 6 in. tile, porous 
kod a erkw ee awe 0e 3,100 300 210 none eaten none j- —§ «seers 
DRAMOGER occ cccencwns 1,700 1,200 120 none ore practically all corrugated steel 
reinf. conc. pipe 
eee 1,000 73 600 130 cone. 130 tia. » owes 
Wahkiakum .......... 110 50 50 none nearly all none culverts onhwy. & 
armco galvanized 
West Virginia: 
rad cinerea ie rine here 94 12 none none none none stone & cone. culvts. 
RN, aig pierandne ana e eee 180 45 10 14 90 Miabeo Ol eens 
ee merece cia a oem ean 50 brick reeenys ceeee  0CU!tt (‘( st”:*SCC 
OS eer ere 616 4% none none er ase 60UlCt(“(“‘ CO 
RE cers chew eawews 700 150 5 none 300 bane" ~- i. oes ; 
Es wo cods.< Hans 432 118 60 none none 118 70% V.C. pipe. 
30% galvanized 
0 ere ere 700 25 5 gravel4 conc. 12 bit. mac. ..... 96 corrugated iron. conc, 
: vit. pipe, wood 
SE 3. cr a:onoie knee ee 350 7a 2 1% ° 70 none = @0——~”_s w 8 eo 28 
IICHOIAS  ....25%% ae ee 600 24 none none 124 none — _— eseees : 
WN eas e-svarerhaed maeisieeute 200 200 100 50 200 50 4in. farm or vit tile 
é in ditch under gravel. 
stone, etc. 
POCHMORIAS «....ccccceces 600 20 15 none 18 vit. clay, galv. & 
castiron 
POE 6c ove cence ces 1.500 50 12 5 cone. 1,500 none none 
ee ee 500 43 * 1.9 mac.8 brick, & cone. aS ne side ditches 8 in. be- 
low subgrade 5 ft. out 
NE oo scdaieie, divine wale 50 er oe 3% brick veeseis none not much 
a er ee ere arr 94 46 ¥% slag 10 brick 94 allimproved & conc., V.C.P. & 
parts of others cor. met. culvs. 
Nip: wip aan hie 101 20 none none 20 none dry rubble masonry 
Nate Shoei atasdie Salen gi 1,220 562 14% mac.i3 cone. & brick cone tti—“‘(i‘ié*SCS 
Wisconsin: 
aang cab ck dt 8. anyon 1.120 199 40 not deep ae Se | eee 
eee Ena 214 150 3 crushed rock $ none at ee 
ers 637 er 4h0 5 iets “ie. 2 + aeeten 
ar wera 2 000 1.300 20 15 clay 5 a 
SEE 5a orto aos Garnet 37h 198 7 a Se 6 i vit. tile 
ee ee nee 2.000 150 75 y 200 cemes (Ci(‘élC en 
RRR arse arene 124 100 17% gravel 3 iron ore. none eee - —i—i“‘C G'S 
3% sand clay 
IE ccc xoe od aoe 1.400 150 150 3 cone. 3 6-in. tile 
DE sc awveeedwseres os 1,235 250 1 grave', 35 clay 250 3 tile 
35 mac. 
a 260 264 15 bit. 185 mac: none fh 
ee 1.200 195 40 none none A 8-in. tile 
ea ner 850 600 250. none 00 se 8 #353}}©| eee 
Co” eer a 900 400 4% eravel. 1 bit eat, ~~ i 9 \sgemmeases 
5% cone. ° 
I 26 cra Graces ina coe 250 150 40 7d 150 1 rock drains 
TOUT OENIGE .cccvcncccess 1,509 9 43.7 mac. 105 gravel 1,254 9 dirt none none sha Maw ontters 
3 Siete 266 2492 6 cem. teen 4 6-in. tile 
TVUMIPORICRAU «oo + ssecce 1,250 350 150 10 D 4 tile drains 
2... 7 ae eee 1 630 3006 10 20 pian ree 
WOUMMOTE 2c cccwcncne 250 100 50 30 mac. 10 5 tile & storm cross 
P drains 
Wroming: 
| EE ear ae 400 100 none none all ee: ete 








(Continued from Page 327) 


Qne of the most important matters connected with 
road improvement is that of drainage, but very few 
states or counties have even approximated the 
amount of this kind of work that is desirable. In 
the latest report of the committee of highway ex- 
perts appointed to determine general specifications 
for an “ideal section” of the Lincoln highway, it is 
stated that the committee with surpising unanimity 
declared “that the dangerous open ditch, at present 
found along the greater proportion of our country 
roads, shall go. The ideal section will be drained 
by catch basins and submerged tile under the earth 
shoulders.” Of the several hundred counties re- 
porting on the matter of deep side ditches, we find 
76 per cent reporting such ditches. Some of these 
report both deep side ditches and the use of under- 
ground drains, about 34 per cent of the counties 
reporting the greater or less mileage provided with 
underground drainage, although 66 per cent report 
no use whatever of this method of draining out the 


road bed. There are, of course, considerable areas 
and possibly whole counties where little if any sub- 
surface drainage is necessary, but anyone familiar 
with highway work throughout the country knows 
that on a considerable percentage of even the im- 
proved highways sufficient attention has not been 
paid to the subject of keeping the sub-grades dry. 
The last column tells briefly some of the methods, 
kinds and sizes of pipes, etc., used in draining roads. 


These include double-strength vitrified pipe, 
vitrified .clay pipe, land drainage tile, wooden 
boxes; “4-inch and 6-inch farm tile laid 3 feet to 
4 feet deep on one side of the road”; gravel 
drains; French drains; “5-inch to 24-inch clay and 
concrete tile drains ; catch-basins and sewer pipe” ; 
4 to 6-inch pipe latd 30 inches deep in stone- 
filled trench. Perhaps the majority report tile 
drains 4 to 8 inches diameter. For culverts vari- 
ous materials were reported, including concrete, 
rubble, tile, cast iron, corrugated, “armco,” steel, 
galvanized and wood. 
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South Carolina Highway 


Department 





Procedures adopted for making surveys and 
plans and for maintaining roads. General 
features of design. 





Stimulated by the general country-wide enthu- 
siasm for better highways and influenced in some 
cases by the requirements necessary for securing 
federal aid, practically all of the states now have 
state highway commissions. Several of these are 
entirely new features of the state government, 
while many others have been modified by adopt- 
ing plans of organization and details of executive 
and administrative features that have been found 
desirable by experience of other states. 

One of the recently changed highway commis- 
sions is that of South Carolina, which although 
created in 1916, was modified by an act approved 
March 10, 1920. The commission, shortly after 
that, appointed Charles H. Moorefield as its state 
highway engineer, his services beginning on July 
1 of last year. 

To comply with the state law and to insure the 
most effective development of state highways, it 
Was necessary first to lay out a system of con- 
necting highways throughout the state and to 
make surveys and plans for such work as was 
contemplated for immediate construction. This 
was done expeditiously and by December 31 con- 
tracts had been completed on 25 miles of hard- 
surface roads and 335.6 miles of gravel, top soil 
and sand-clay roads. In addition the bridge di- 
vision had prepared plans for 53 bridgé struc- 
tures, of which 11 were completed during the 
year totaling 619 feet of reinforced concrete and 
306 feet of timber. Contracts had also been let 
for 2,056 feet of concrete and steel bridges, 958 
feet of reinforced concrete and 565 feet of creo- 
soted timber. 

SURVEYS AND PLANS 

Every survey involved consideration of the 
probable future development of adjacent lands; 
type of surfacing to be used immediately and 
probable future type; surface drainage and sub- 
drainage; connections with other roads; adjust- 
ing grades to existing bridges, railroad tracks, 
water mains, sewers, etc.; elimination of railroad 
crossings ; avoidance of dangerous curves and ex- 
cessive grades. In every feature, cost of construc- 
tion was, of course, given serious consideration. 

After making preliminary location, the actual 
staking out is begun. Stakes are set at each 100 
feet and also at humps or noticeable depressions, 
on the banks of ditches and streams, etc. Curves 
in alignment are calculated and staked out. The 
position of property lines, nearby houses, railroad 
tracks, fences, canals, streams, telephone and tele- 
graph poles, woods, etc., are noted and measure- 
ments taken so they can be shown on the plans. 
A sufficient number of stakes are referenced so 
that they can be replaced if disturbed. 


WORKS a 335 

Following this, levels are run and the right-of- 
way cross-sectioned for at least 25 feet on either 
side of the road limits. Following this a system 
of check levels is run, generally by an independ- 
ent line of bench levels, and if discrepancies are 
found it may be necessary to run a third line of 
levels. 

_Each survey party is usually composed of three 
men employed by the state department and two 
furnished by the county. The chief of the party 
studies the route, selects the location, sees that 
the party sets the stakes at proper points, checks 
the calculations and notes made by the instrument 
men, makes recommendations as to proper sizes 
and location of culverts and bridges, makes a daily 
report to the office of the department, and ar- 
ranges for board, lodging and transportation for 
the party. In difficult situations or in case of 
protest by property owners, he calls upon the 
chief of survey, and if the latter cannot adjust 
matters in the field he takes them up with the 
state highway engineer. 

During 1920 the state department had from 
one to six survey parties operating. These par- 
ties surveyed a total of 370 miles of road in 20 
counties at an average cost of $92.77 per mile. 
In addition, the completed plans, not including 
bridge plans, cost $61.30; making a total average 
cost of $154.07 per mile for surveys and plans. 

The plans were prepared by the drafting di- 
vision. For each road there was prepared plan- 
profile sheets and cross-section sheets, and detail 
sheets of all bridges and culverts except pipe cul- 
verts. Each sheet of plan and profile shows 3,000 
feet of road. The plan is placed at the top of 
the sheet and shows all curves with their length 
and degree, the position of bridges, culverts, 
fences and other physical features, the name of 
property owners and their property lines, and the 
location of the old road and branch roads. The 
profile shows the elevation of the ground at each 
stake, elevation of bottoms of streams and ditches, 
sizes and elevation of culverts and bridges, both 
those to be left in place and those to be installed, 
the elevation of highest known water so far as 
this could be ascertained, and the grade elevation 
proposed for the finished road. 

The cross-section shows the present ground sur- 
face at right angles to the survey at each stake 
and the outline of the proposed cut or fill. The 
area of the cut or fill is calculated and used for 
computing the volume of grading necessary. 

The best record made by a draftsmen of the 
department forces in turning out completed plans 
was about 34 hours per mile of finished plan, 
this not including plans for bridges or culverts. 
There were several changes in the drafting room 
force but that employed during the year was 
equivalent to 16.2 men employed for the full year. 


MAINTENANCE 


The state had under maintenance during the 
year 411 miles of road, of which 6.9 miles was 
asphalt concrete, 4.0 bituminous macadam, 15.1 
cement concrete, 4.4 gravel, 70.7 sand-clay, 309.2 
top soil, 1 waterbound macadam. Part of these 
were maintained by the gang system and part by 
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patrol, 11 counties by the latter as against 31 by 
the former. $66,519 were spent, giving an average 
maintenance cost of $161.71 per mile. 

The floating gangs were equipped with motor 
trucks, road machines, drags, etc., and were used 
either on unusually lang roads or on several 
roads. The patrol organizations generally con- 
sisted of patrolmen who lived along the road on 
which they worked and who were equipped with a 
small road machine or road drag, small tools, 
etc., but furnished their own team and wagon. 
It is expected that the patrol system will gradu- 
ally be extended over a large proportion of the 
roads under state maintenance. The funds re- 
ceived for state maintenance consist of 80 per cent 
of the motor vehicle licenses received from the 
several counties. 

ROAD DESIGN 

The department has not adopted inflexible rules 
for designing and constructing state roads, but en- 
deavors to adapt each project to local conditioris 
so as to get maximum value for funds expended. 
In general it aims to adopt road locations that 
will not need to be changed in the future under 
any traffic developments; to avoid and eliminate 
railroad crossings; afford adequate accommoda- 
tions to traffic with respect to grades, width of 
roadway, sharpness of curbs, etc.; and secure the 
greatest practicable durability by effective drain- 
age, possibility of proper maintenance and suf- 
ficient width of right-of-way. 

In general, it has made the right-of-way not 
less than 50 feet wide; the minimum width of 
roadway 28 feet on embankment and 32 feet in 
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cut; a minimum of 16 feet width of hard surfac- 
ing with 18 feet ordinarily; a limiting grade of 5. 
per cent for lengths of more than 600 feet and 6 
per cent when the length is less than 600 feet and 
the view is open; minimum grade for side-ditches 
one-half of 1 per cent; maximum curvature of 12 
per cent in rolling country, and in hilly and moun- 
tainous country such that a clear view ahead can 
be had for at least 150 feet, with curves sharper 
than 6 per cent banked and widened where hard 
surface is used. Surfacing is made 12 inches thick 
at the center and 4 inches at the edges for top 
soil; 10 inches at the center and 4 at the edges 
for sand-clay; 8 at the center and 6 at the edges 
for concrete; 6-inch concrete foundation for as- 
phalt surface, 8 inches thickness for stone base, 
and 2 inches thickness of asphaltic concrete sur- 
facing. In designing ditches and culverts in hilly 
country it is assumed that a 15-inch pipe will 
drain 3 acres, an 18-inch pipe 5 acres, a 24-inch 
pipe 8 to 10 acres, a 30-inch pipe 10 to 15 acres, 
and a 36-inch pipe 15 to 30 acres. In rolling 
and flat country larger areas can be drained. 

Bridges are required to be designed so as to 
carry 2 to 15-ton trucks, have a width of roadway 
of 18 feet, and be built of either concrete, steel or 
creosoted timber, with a strong preference for the 
first. The unit strengths assumed are: for con- 
crete, 650 pounds per square inch in compression ; 
steel, 1,600 pounds per square inch in tension or 
compression, with the customary corrections for 
compression in long columns; creosoted yellow 
pine, 1,350 pounds per square itich; loblolly, 1,200 
pounds per square inch. 








State Work in 1920 and 1921 





Figures giving the amount of highway work done in the several states last 
year and contemplated for this year, together with the money available for the 
latter. Also mileage of improved and unimproved roads in the several states. 





Within the past few weeks we have received from 
highway officials of the several states replies to a 
questionnaire which we sent them asking: “Amount 
of each kind of pavement, number of bridges and 
other highway work completed by state forces or 
under state supervision in 1920.” “Amount of such 
work contemplated in 1921.” “Money available for 
state expenditure on highways in 1921.” “Miles of 
improved and of unimproved roads in your state.” 
“Changes made, for this year’s work, in the speci- 
fications for road work that were in force in 1920.” 
The data are tabulated on the following page. 

These replies show that, in spite of the unfavor- 
able conditions of last year, most of the states did 
quite a little amount of road work. However, the 
majority of them expect to do considerable more 
this vear than they did last. As to the amounts 
available. these are seen to range, for individual 





states, from $1,400,000 to $60,000,000, totaling 
about $600,000,000. It is, of course, understood 
that these sums, while available, will in few cases 
be entirely expended this year; in fact, in many 
cases the sum mentioned is the total available for 
two years or more to come. 

Many of the state officials did not pretend to have 
figures for the mileage of improved and unimproved 
roads. In such cases the figures given by us are those 
published by the Bureau of Public Roads and are pre- 
sumably as nearly correct as it is possible to esti- 
mate them. These show about 10% per cent of all 
the roads in the states classed as improved. 

Not many of the states have made any radical 
changes in their specifications, but a few have done 
so. A discussion of these will be given in a later 
issue, there being insufficient space available this 
week for that purpose. 
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ss — 
Miles of 
Milesof unim- 
. Money improved proved 
Amount of highway work done Amount of such work contem- available roads _roads 
State by State in 1920 plated in 1921 for 1921 in state in state 
AladDAMA ...ccccee 19.54 asphalt, 29.03 grave: and 4./1 asphait, 183.8 gravel, 67.59 $4,000,000 
chert, 86.45 sand c.ay, 3.19 grad- sand-clay, 65.1 bit. mac. to a 
ing. Concrete bridge. Total cost, 5,000,000 5,800 52,200 
Arizona* .......- emeastegeies SEPT Pree ee 8,000,000 475 11,600 
Arkansas .....« .. $397,500 earth, $7,050,000 gravel, $400,000 earth, $9,000,000 gravel, 21,760,000 5,200 46,800 
$1,500,000 mac., $1,536,000 pen- $2,000,000 mac., $2,000,000 pene- 
etration mac., $2,767,500 asphaltic tration mac., $3,600,000 asphaltic 
conc., $2,160,000 conc., $1,410,000 concrete, $2,880,000 concrete, $1,- 
bridges—total cost, $16,803 000. $80,000 bridges; total cost, $21,- 
760.00. 
California* ...... A Topeka on conc., 437 conc., se 
om aa a a ee see nswnmcnc nin 26,000,000 13,000 48,039 
a 20 concrete, 46 gravel, 54 gradin 28 conc., 100 gravel, 57 grading. 3,400,000 byes patel 
sane A 1.93 grading, 16.89 none, 13.57 aliaished work left. 8,000,000* 1,557 12,443 
mac., 6.28 bit. mac., .28 bit. conc., 
3.74 conc., $94,330; bridges. - a : = “ 
Delaware ...... -. 11 penetration mac., 48 cement 56 uncompleted contracts, 40 mi. 3.849.674 326 3,470 
concrete. expected to be let. 
IN as Ko ae ee Re Ca Ce ee ee wie Soe 7,725,000 3,900 14,095 
ee” ae 52.0 paved, 93.9 sand-clay, 8.2 212 paved, 840 sand-clay, 47 gra-  10,000,000* 13,200* 67,469* 
graded (c) : dinz (b* 
SS 2s. 6-0cneneus 40 paved highways, 380 rocked &  — «rrrrrrttrtreeee 6.000.000b 1,400 23,600 
sraveled rd., 300 earth, 7 bridges 
a>. 
i. ——— 3 hard surf. rds., 56.77 grading, 190 hard surfaced roads, 78 18 8,865,517 9,910 85,090 
30 bridges. srading & 51 bridges to be com- 
p'eted ,rom 1920 work. 
Indiana 6 04 bit. concrete, 12.696 concrete 125 road and bridges plus 100 mi. 5,000,000 35,000 60,000 
pavement, 2.44 reinforced conc., "OW under contract. 
2.66 2-course conc., 2.39 brick, 13 
bridges—total cost, $1,032,183.26. ' - i . 
ROWE Lec8ssinewes 46.6 paving, 105.5 gravel, 309.8 203 paving, 456 gravel, 1,860 20,000,000 1.880 101,820* 
grading. grading. ; 
Kansas .....+0- .. 16.5 brick, 35.6 conc. 13.3 mac., 28-2 brick, 94.8 conc., 24.8 mac., 20,000,000* 1,640* 109,320* 
26.3 gravel, 23.8 earth. 45.0 gravel, 55.6 earth. -  * , 
Kentucky ....... 101.2 earth, 52.1 gravel, 110.6 1% conc., 60 bit. or rock asphatt, 7,000,000 14.490* 43.438* 
mac., 1.4 bit. mac., 13.4 rock as- 59 mac., 25 gravel, 75 earth, 50 
phalt, 6.7 concrete, 2.0 brick, 1.5 ther types. 
Louisiana® ....... _— ee a gieaieae att epeskeuesoes 6 000,000* 2,700* 21,863* 
alo raids oles ; , ; ats 235 gravel, 60 bit. mac., 60 conc. 5.000.000 3.525* 20,012* 
ae A See sel cone. ot yy bo geo 28 left from 1920. 7,600,000 3.235%  13,090° 
19.48 sheet asphalt on mac. base, 
6.50 mac., 19.38 gravel. " - 
Maseaehmeette® .. 0. 8” cwencccewescsecc 2 2 0206. # NNN E ET BH OO 8,000,000 9.100 9581 
Michigan ........ 204.22 gravel, 25.7 mac., 9.0 bit. «——-—__trrrttrttttteeee 35,000,000 10,870* 63,050* 
mac., 9.5 b > rface. 10.7 conc., 
8.8 bit. conc., 0.7 sheet asphalt, 
9.4 brick. ’ ; 
Minnesota ...... - 59 concrete, 19 asphalt concrete. About 100 miles. 25,000,000 7.080* 79,280* 
Mississippi ...... 42.1 earth, 2.8 conc., 142.1 gravel, 5...) terete set eeeese 5.000.000 9.850%  42,700* 
Missouri 415.7 earth grading, 145.2 grave!, 95 bit. mac., 958 gravel, 54 mac., 8,370,000 7,.740* 88.100* 
27.7 mac., 5.6 chert. 2.0 chats, 47 brick, 108 conc. (b). 
7.2 bit. mac., 2.7 warrenite (a). , _ - 
Montana 19.8 conc., 197.3 gravel, 75.3 grad- 41 conc., 1.4 bit., 555 gravel, 177.7 5,200,000 500 59,500 
ing. grading, 10 bridges. 
Nebraska ........ 6 1-2 brick, 8 conc., 55 sand clay, 59 paving, 60 gravel. 1,200 earth 6,000,000 1,550* 80,000 
23 gravel, 1.215 earth grading, grading. $200,000 bridges, $300,- 
$200,000 bridges. 000 culverts. 
Nevada .....--ce- 13.8 conc., 64.3 gravel, 89.0 grad- 
, ed, 6 bridges. eee eee eeee. 1.380,000 200 1,900 
New Hampshire... 48.11 gravel, 12.40 crushed grav- ———vrrrtrttttrreeee 2,500,000 1,500 13,500 
el, .52 earth, 6.41 grading, 1.05 
bit. macadam, 2.51 mac., 4.93 asp. 
New Jersey....... 98 miles. 69 miles. 16.000,000 6.050 & 767 
New Mexico....-.. 109.4 gravel, 43.1 crushed stone. ss eertrtetteretes 4,000,000 1,960 47,607 
24.1 grading, 18.9 concrete, 22.0 
caliche (a). 
New York........ 84.3 concrete, 64.9 bit. macadam, At least 500 mi. hoped for. 48 000,000 12.330 67.670 
: 23.5 macadam, 3.9 gravel. 
Seeth Careme.<6 . wdecwswececeacdis $6 000.000 10,000,000 6 000 46.000 
North Dakota.... 524 earth, 43 gravel. 835 miles 2.000 000 3,500 66,500 
DE icunsesseueee 36.2 brick. 12.9 bit. concr.. 718 6.6 bitoslag, 8.7 bitulithic .136.5 12,442,000 31,800* 54,554* 
bit. mac., 35.0 pl. concr., 462 re- brick, 17.4 bit. cone.. 121.0 bit. 
in.-conc., 69.5 mac., 20.4 mac. sur- mac., 163.6 conc. 58.3 grading. 
face treated. 24.3 gravel, 23.7 Kentucky rock, 
144.5 mac., 8.5 sheet asphalt. 
DE ssiaeo |... gwteedeseeghdwes aclu ij § sa0kenete=gemegm 8.000.000 700 107,216 
Oregon .......... 16.4 conc., 167.7 bit. conc., 275.0 24,900,000b 5,000* 31,819° 
mac., 474.8 grading. 107 bridges. 
Pennsylvania 325.6 parce eggs a8... ane... 897 mies total. 35,000,000b 4.500 85,500 
58.5 bit. top on conc. base, 17.4 
yrick. 1.9 sheet asp., 9.3 mac. . 5 
Rhode Island 2 mac., 12.9 bit. mac., 10.2 bit. 71 mi. bit mac., 19.2 bit. conc., 1,400,000 1 250 1,125 
con., 1 conc., 0.5 sheet asphalt, 13 concrete, 12 bridges. 
10 bridges. 
South Carolina... 25.1 hard surface, 335.6 gravel, 11.6 hard surface. 275.7 gravel, 6.000,000* 3.800* 38,426* 
top soil, sand-clay. t-p soil, sand-clay (4d). 
ON TUNE. cy fk.” . Gaameieeeaksdake. 1 > . Sa eReSE SAS eee 8 8.469.380 800 95,506 
Tennessee ....... 17.9 chert. 7.0 conc., 48.6 mac., j= “seesecevccccone 7,500,000 8,800* 37,250* 
24.6 bit. mac., 5.8 rock asp., 36.2 
~rrading 
TD 65 650540 ss 7.1 cone. pavement, 173.94 gravel, 148.1 conc. pavement, 714.3 grav- 60,000.000* 1000 147,000 
crushed stone w. bit. topping, e¢! or crushed stone w. bit. top- 
~516.06 gravel or crushed stone, ping, 1,740.1 crushed stone or 
169.93 sand clay or shell, 109.56 e#ravel, 149.2 sand-clay or shell, 
erading & conc., drainage struc- $44.1 grading & conc. drainage 
ture, 5 bridges (a). structures, 18 bridges. 
Dc casosses- ° - | Sete eee a ur seer) SELENA ne 6,000.000 1,650 7.160 
Pn cc cokes | See eeieegrorecs © “)' -  ~ = kien par meeenay 2,000,000 2.300 11,949 
TE rs kicives o-- behav eteeeeeeeseee nls a 060606060 HERR NO ORS eR OD es 10,000,000 6,150 47,238 
Washington ..... 163.8 crushed rock & gravel, 58.4 = eetereeereceeees 14,000,000* 1,945 44,850* 
ay conc., 2.0 asp. mac., 1.7 warrenite. 
West WINTER... eteehAeRekeesces -  .. « » u.. ...... SRNR SSE R ANOS Os 6,000,000 1,600*  30,424* 
Wisconsin a cores. SOC gravel, 126 top soil, 245 concrete and others. 27,514,487 15,500* 61.780* 
concrete. 
Wyoming oe sone. 1.1 bit, 80 grave’. 7°9 43 conc., 100 gravel, 300 earth. 3.000,000* 600*  14,197* 
ear . 
(d)—Under contract. 





(a)—Includes 1919 and 1920. 





: f (b) —Includes 1921 and 1922. 
*Information not furnished by state officials but derived from o 


“res. 


(c)— Total: completed to date. 
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NEWS OF THE SOCIETIES 





April 18-23 — UNITED STATES 
GOOD ROADS ASSOCIATION. Greens- 
boro, N. C. 

Apr. 19 — CLEVELAND 
AMERICAN INSTITUTE 
TRICAL ENGINEERS. 

April 21—CINCINNATI 
AMERICAN SOCIETY OF MECHAN- 
ICAL ENGINEERS. Joint meeting 
with Engineers’ Club of Cincinnati. 

April 21-22—BANKHEAD NATION- 
AL HIGHWAY ASSOCIATION. 5th 
annual convention. Greensboro, N. C. 
Secretary, J. A. Routree, Birming- 
ham, Ala. 

April 22 ME -OLITAN SEC- 
TION, AMERICAN SOCIETY OF ME- 
CHANICAL ENGINEERS. Joint meet- 
ing with American Institute of Elec- 
trical Engineers. 

April 22—BIRMINGHAM SECTION, 
AMERICAN SOCIETY OF MECHANI- 
AL ENGINEERS. Joint meeting with 


SECTION, 
OF ELEC- 


SECTION, 








Atlanta, Birmingham and New Or- 
leans sections, with members of 
Council present. Battle House, Mo- 
bile, Ala. 

Apr. 25—CHICAGO SECT., AMERIT- 
CAN INS éd gy TE OF ELE CTRICAL 
agen ERS Joint meeting with 
ELECTR ICAL AND MINING SEC- 
TIONS. WESTERN SOCIETY OF EN- 
GINEER ~ and ASSOCIATION OF 
IRON ID STEEL ELECTRICAL 
ENG INE ERS. 


April 27—AMERICAN SOCIETY OF 
CIVIL ENGINEERS. Annual conven- 
tion. Houston, Texas. 

Apr. 27-29—BUILDING OFFICIALS 
CONFER::NCE. Cleveland, Ohio. 

Apr. 27-29—SOCIETY OF INDUS- 
TRIAL E ING INEERS. Milwaukee, Wis. 

April 27-29—UNITED STATES 
CHAMBER YF COMMERCE. 9th an- 
nual meetin? Atlantic City, N. J. 

April 27-29 — BUILDING OFFI- 
- CIAL’S CONFERENCE. Seventh an- 
nual meeting. Cleveland, Ohio. - 

April 28-29—MID-CONTINENT SEC- 
TION, AMERICAN SOCIETY OF ME- 
CHANICAL MNGINEERS. Joint meet- 
ing of Chemical Eng. Societies. City 
Auditorium or Convention Hall, Tulsa, 
Okla, 

April 29 — EASTERN NEW yor’ 





SECTION, AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS. Edison 


Club Hall, Schenectady. 

April 29 — COLORADO SECTION, 
AMERICAN SOCIETY OF MECHANI- 
CAL ENGINEERS. Metropole Hotel. 

Apr. 29—SAN FRANCISCO SEC- 
TION AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 

May 2-4—MISSISSIPPI 
ASSOCIATION. 3d annual 
tion. New Orleans, La. 

May 4-7—NATIONAL FOREIGN 
TRADE CONVENTION. 8th conven- 


VALLEY 
conven- 


tion. Cleveland, Ohio. 
May 6 — VANCOUVER SECTION, 
AMERICAN INSTITUTE OF: ELEC- 


TRICAL ENGINEERS. 

May 9 — HARTFORD BRANCH? 
AMERICAN SOCIETY OF MECHAN- 
ICAL ENGINEERS Get-together 
dinner at City Club. 

May 9-11- AMERICAN 
TION OF EN:ssINEERS. 
convention. B':faio. 

May 9-12—SOUTHWEST WATER 
WORKS ASSOCIATION. Shirvin Hotel 
Headquarters, Oklahoma City, Okla. 


ASSOCIA- 
7th annual 


May 10-12 — CANADIAN GOOD 
ROADS ASSOCIATION. Sth Annual 
convention. Halifax, Can. Secretary 
George A. McNamee, Montreal. 

May 17—CLEVELAND SECTION, 
AMERICAN INSTITUTE OF ELEC- 
TRICAL ENGINERRS. Annual din- 


ner. 

May 17-19—NATiONAL FIREMEN’'S 
ASSOCIATION. Twenty-third annual 
convention. Fort Wayne ,Ind. 

May 19 — SAN FRANCISCO SEC- 
TION. AMERICAN SOCIETY OF ME- 
CHANICAL ENGINEERS. 


May 20 — AMERICAN INSTITUTE 
OF ELECTRICAL ENGINEERS. 370th 
meeting. ee ae Societies 
Building, New York Cit 

May 20 — PHILADE LPHIA SEC- 
TION, AMERICAN SOCIETY OF ME- 
CHANICAL ENGINEERS. Annual 
dinner, Hotel are Roof. 

May 21 — ATLANTA SECTION, 
AMERICAN SOCIETY OF MECHAN- 
ICAL ENGINEERS. Joint meeting 
with ATLANTA SECTION, AMERI- 
CAN INSTITUTE OF ELECTRICAL 
ENGIN&# RS. 

May 23-26 — AMERICAN SOCIETY 
OF MECHANICAL ENGINEERS. 
Spring meeting. Congress Hotel, 
Chicago. 


AMERICAN ASSOCIATION OF 
ENGINEERS 

The seventh annual convention of 
the American Association of Engineers 
will be held in Buffalo May 9 to 11. 
New officers for the ensuing year will 
be elected. 

Educational work of engineers with- 
in the organization to establish closer 
contact with the management and to 
prepare men for high executive po- 
sitions was begun at a meeting held 
on March 24 in an Illinois Central 
office building, Chicago. Mr. C. ‘C. 
Haire, presided. The Illinois Central 
section of the American Association of 
Engineers consists of 125 railroad pro- 
fessional engineers. 

The Washizgton office of the Amer- 
ican Association of Engineers, A. T. 
Koehler, district secretary, bas been 
moved to Chesley building, 1317 New 
ig avenue, N. W., Washington, 


The Detroit Chapter in co-operation 
with the Detroit Board of Commerce 
has arranged for a lecture by Hon. 
Harry M. Fisher, judge of the Munici- 
pal Court of Chicago, at the Board of 
Commerce auditorium in Detroit on 
March 26. 

Judge Fisher went abroad as chair- 
man of the Ukraine Commission for 
the Joint Distribution Committee of 
America for Jewish sufferers. His 
lecture in Detroit will be based on his 
observations and findings in that coun- 
try and will be entitled “The Truth 
About Soviet Russia.” 


THE FEDERATED AMERICAN EX- 
GINEERING SOCIETIES 
Gratifying progress is being made 
by the Federated American Engineer- 
ing Societies. Permanent offices have 
been set up, the work of organization 
is developing rapidly, and there has 
been much constructive activity in leg- 
islation. A statement by the executive 

secretary, L. W. Wallace, says: 

Permanent headquarters of the Fed- 
erated American Engineering Societies 
have been established in Washington 
on the third floor of 719 Fifteenth 
street, N. W. (National Savings & 
Trust building). Sufficient space has 
been obtained to provide a large loung- 
ing room or conference room for those 
who may desire to use the headquar- 
ters as a ineeting place. It will be the 
purpose of the headquarters at all 
times to render as much personal serv- 
ice as possible to engineers who visit 
Washington. 
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A special plan will be developed to 
the end that engineers visiting Wash- 
ington may be able to transact business 
with the minimum amount of effort on 
their part. Engineers, therefore, are 
asked to notify it of an intended visit 
to Washington so that arrangements 
may be made to care for them. The 
executive secretary will be permanently 
located in Washington in the near 
future. 


There is great activity in a number 
of states regarding the licensing of en. 
gineers. The F. A. E. S. has in every 
instance taken a part in such legisla- 
tion. It has made an effort to have a 
representative at every meeting. It is 
not the desire of the F. A. E. S. to 
initiate such legislation nor to urge its 
passage, but it does take the position 
that it desires to be instrumental so 
far as possible towards securine the 
passage of a bill that will not be detri- 
mental to public interests and to the 
engineering profession. 


The Patents Committee has consid- 
ered a congressional bill that will pro- 
vide more adequately for the Bureau 
of Patents. It has sent out a request 
that influence be brought to bear upon 
Congress for the establishment of bet- 
ter support for the Bureau of Patents. 
Member-societies and others have re- 
sponded with a fine spirit of coopera- 
tion. 


A careful study is being made 
by the Employment Service to deter- 
mine what policies should be adopted 
that will enhance the value and useful- 
ness of the service to the individual 
members of the member-societies. This 
report will be submitted to the execu- 
tive board at its meeting on April 16, 


The work of the Committee on Elim- 
ination of Waste in Industry is 
progressing according to _ schedule. 
The field work will be completed 
on or before April 15. The 
final report will be published in June. 
The findings of the committee thus far 
are very significant and it has every 
reason to believe that the publication 
of this report will create a great deal 
of interest. 


There is a large interest on the part 
of engineering societies that have not 
yet become affiliated with the F. A. 
E.*S. In recent weeks two have joined, 
namely, The Boston Society of Civil 
Engineers and the Engineering Society 
of Milwaukee. There are a number of 
other societies that are either voting 
upon it at the present time or wave it 
under consideration by the executive 
boards, It is reasonably sure that a 
number of other societies will become 
affliated with the A. F. E. S. before 
July 1, at which time the opportunity 
of coming in as a charter member will 
expire. 

The last meeting of the executive 
board was held in Philadelphia on 
April 16. The executive board were 
the guests of the Philadelphia Engi- 
neering Club and the sessions were 
held at the Engineers’ Club. The club 
made preparations for a large attend- 
ance which duly materialized. There 
was a dinner at the Bellevue-Stratford 
on the evening of April 16 which was 
addressed by the president, Mr. 
Hoover. 
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New Appliances 


Describing New erates Aepantine. Materials and Methods and Recent Interesting Installations 

















CRAWLING TREAD LOCOMOTIVE “ae DEVELOPED FROM 
OF 


TANK TYPE 


A NEW CRAWLING TREAD CRANE 

One of the latest crawling tread 
cranes developed is the OS Dependable, 
manufactured and sold by the Orton & 
Steinbrenner Co. Two sizes are made, 
both especially adapted to contractor’s 
use; they are rated as 7 tons and 12 
tons capacity. 

The crawling tread is an improved 
form of that used on government tanks 
during the European war. The tread 
links and sprockets are of cast steel 
and the chain idler rollers are bronze 
bushed with patented pressure system 
of lubrication. Each crawling tread is 
supported on bottom between drive 
sprocket and idler by four pairs of 
idler rollers. Each pair is carried in 
and equalizing strut backed by heavy 
coil spring and when traveling over ob- 
stacles will tilt as much as 6 inches 
from the horizontal. It will travel up 
grades of 20 to 30 per cent in soft 
material. 

Tread link ends overlap and no for- 
eign material can enter the spaces be- 
tween, thereby eliminating the princi- 
pal difficulty experienced heretofore in 
machines of this type. Surface area of 
crawling tread is great enough to re- 
duce unit pressure on ground to 10 
pounds per square inch, although crane 
weighs in the neighborhood of 4,500 
pounds. 

The sprocket is driven by steel bevel 
gears and no chain drive is used. The 
hoisting mechanism is designed mainly 
with a view to accessibility and con- 
sists of four main horizontal power 
shafts driven through a train of cast 
steel cut spur gears and three auxil- 
iary vertical shafts driven by cast steel 
bevel gears. Any one function may be 
operated independently of the others or 
all may act together. 











MILITARY 

TRACTION 

For operating a bucket, double auto- 
matic ‘drums are regularly supplied, 
thus doing away with one set of levers, 
and increasing simplicity of operation. 
Frictions are of large diameter and 
made of bronze; no wood friction 
blocks are used. The large braking sur- 
faces insure quick action in lifting and 
releasing the loads and minimize wear. 
The crane can be turned completely 
around in a radius about equal to its 
own length. In addition to clam-shell 
or orange-peel bucket, pile driver at- 
tachments, derrick hoists and drag-line 
equipment can be operated. 

The standard 7-ton crane is equipped 
with a 30-foot boom. The standard 
12-ton is equipped with 35-foot boom 
and extra lengths may be supplied. 
Broad-faced road wheels or standard or 
special gauge rail tracks can be fur- 

nished besides crawling tread. 





REVERSIBLE ROAD 


DR.z AG 


PIPE CUTTING MACHINES 
The pipes and tubes manufactured by 
the Box Machine Company are illus- 
trated on detachable pages that can 


be inserted in a filing cover, furnished 
for the purpose. They can be fur- 
nished either geared or belt driven. 
The number 10 cutter is mounted on 
a cabinet pedestal and has a capacity 
for cutting %-inch pipe in 2 seconds 
and 6-inch pipe in 1 minute 43 seconds. 
The cutter discs are 6 inches in diam- 
eter and are provided with an oil pump 
and with a grinding attachment. 


OVERLAND CRANES 

Overland cranes manufactured by the 
Overland Crane Company are recom- 
mended for simplicity in design, small 
number of parts, differential drive, ac- 
cessibility, and unusual strength, 

They are full-revoving % -yard, 5-ton 
capacity with a 30-foot boom and are 
suitable for road building, contractors’ 
use and erection purposes. 


B B REVERSIBLE ROAD DRAG 

The B B reversible road drag made 
by the Bayne Manufacturing Com- 
pany, embodies four special and im- 
portant features; namely, the reversal 
or change of angle of the drag by 
means of a rear lever that controls it 
without danger to the operator; the 
maintenance of the rear troweling 
blade always in the trail of the front 
cutting blade, thus keeping the drag 
always at the same width; the curva- 
ture of the rear blade to form a trowel 
that tracks, puddles and trowels the 
surface to a hard, tough, smooth road- 
bed, and the excellent service for open- 
ing and cleaning the ditches at the 
roadside, 

It is easily handled by one man and 
two horses and can be pulled straight 
ahead as a leveler or smoother or can 
be used to transfer the earth from the 
edge toward the center to crown the 
roadbed. The most important feature 
is the rear hitch that permits the drag 
to adjust itself to any reversing angle 
and insures the travel at the rear blade 
in the trail of the front one, which is 
particularly valuable for cleaning road- 
side ditches, 





WITH COVERED REAR BLADE 
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MURDOCK ANTI-FREEZING BUB- 
BLE-FONT 

The anti-freezing bubble font, manu- 
factured by the Murdock Manufactur- 
ing & Supply Co., is designed for use 
in streets, parks, playgrounds, school 
grounds, semi-exposed and uncertainly 
heated enclosures and is claimed to be 
unfreezable, indestructable, automatic- 
ally drained, anti-contagious, and non- 
spurting. It is self-closing; all of the 
inner parts are accessible or remov- 
able by removing two pedal and two 
top bolts. It has an adjustable lock reg- 
ulating device, a protecting air jacket, 
and is held rigidly in place by a heavy 
bronze spring. 





HEIL DUMPING EQUIPMENT 
Dumping units manufactured by the 
Heil Company include a variety of steel 
bodies, hydro-hoists and tail gate de- 
vices that are maintained in stock suited 
to several styles of chassis shown in 
bulletin 115. They are all thoroughly 
tested and guaranteed and are made by 
modern machinery in a plant with a 
new 35,000 square foot addition. 

The road work body is square corn- 
ered and straight sided, permitting 
boxes, boards, packages, blocks, tiles, 
bricks, etc., to be piled closely. Dumping 
is promoted by the fact that all bodies 
are made 3 inches wider at the rear 
than in front, thus facilitating the dis- 
charging of wet sand or concrete. 











bw 


DOUBLE ACTING TAIL GATE 


Bodies are fitted with single acting 
tail gates or with double acting 
tail gates, hinged at both top and bot- 
tom to enable the gate to lay down 
level with the floor. The tail gates are 
opened by a manual device having 
goose neck hooks attached to the body 
and operated by a lever easily acces- 
sible from the driver’s seat. 

Heavy road work bodies are sup- 
plied with a chain fender device to 
regulate the position of the gate and 
the thickness of the layer of crushed 
stone and spread it uniformly when 
dumped. 

The hydro-hoist that can be used on 
any dump truck is mounted under the 





COMBINATION TRUCK 


4 IN 1 
HYDRO HOIST 
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body and utilizes all the loading space 
back of the cab. It permits a short 
wheel base and is lighter than any other 
under-the-body hoist and eliminates all 
cables, pulleys and rollers. It is self- 
contained, with a tank communicating 
directly with the cylinders, and the 
pumps are operated to make the oil 
serve as a cushion. Its lifting power 


“4 





HYDRO-HOIST FOR DUMP BODIES 


is unlimited and it can dump with one 
rear wheel lower than the other. 

Heil dumping equipment has been 
adopted by many state and county high- 
way departments, some of which have 
about 200 units in operation. 


Cc. M. B. SERVICE Box 
The service boxes for street mains, 
manufactured by the H. W. Clark Co., 
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ends to engage and center a service 
pipe. The upper part is constructed of 
a heavy cast iron pipe, in which a tele- 
scopic top section moves vertically to 
permit displacement by frost without 
moving the bottom portion. The top 
of the telescopic pipe is closed with a 
screw cap and is provided with a trans- 
verse vertical pin to prevent accidental 
turning. It is made in 18 sizes "from 1 
inch to 9% inches and with adjust- 
ments of from 1 foot to 10% feet in 
length. 

Its advantages are that it prevents 
the loss and breakage of bolts and tops, 
prevents digging up to adjust grade, 
prevents filling boxes with trash, pre- 
vents damage to service box or pipes 
caused by heavily loaded wagons and 
eliminates difficulty in engaging key. 


TARVIA MACADAM ROADWAY 

The Barrett Company has issued a 
booklet entitled “How a Tarvia Mac- 
adam Roadway Is Constructed” that 
contains useful and attractive road- 
building information. It illustrates and 
discusses the foundations, the stone 
quarry, the stone crusher, making the 
base course, rolling and filling it, plac- 
ing and rolling the wearing course and 
covering ‘it with hot Tarvia applied 
under pressure through a patent noz- 
zle. It describes the placing and cov- 
ering of the tarred surface, the appli- 
cation of the seal coat of Tarvia and 
the final coat of stone chips, finishing, 
rolling and maintenance and also gives 





BODY 


information concerning the filling of 


have a heavy cast iron base to enclose 
joints in block pavements. 


the valve that is slotted at opposite 


THE CLARK LONG SCREW CAP — OW, 
REVOLUTION OPFNS AND RAISES CAP 
TO AIEIGHT OF ONE 4NCHI- BUFFALO 
KEY FITS THE FIVE CORNERFD HEAD 


FLANGED FOP —- GOOD SUPPORT AT 
SURFACE OF GROUND 


mn BUSHING — PREVENTS 
CORROSION 

















FUN - PREVENTS Box FROM TURNING 


SLIDING EXTENSION FEATURE -ALLOWS 
RAISING AND LOWERING THROUGH 
ACTION OF FROST W/THOUT 
LISTURBING BASE BETTING = 
INSURES PROPER +FIE/GHT AT ALL 
TIMES — SURFACE Z2Q4DS5 OR STRESSES 
ARE NOT COMMUNI/ICATED rT 
SERVICE COCK OR FYPE 


SLEAD PREVENTS SECTIONS FROM 


SEPARATING 
PIEAVY CAST 4RON BASE 
3 PPE NoTeH 
\“ PYPEF NOTCH 
é 
} SERVICE COCK /S ALWAYS 4JN 
‘ CENTER 


BOx CANNOT SBSAIFT LENGCTH-WIH5SE 
NOR S/DE -WISE —-NOR CAN COCK 
TURN -AS 4/7 138 HELD SECURELY 
SY sJNTER/IOR BOX CON STRUCTION —- NWO RIGIO 
— REQDURFID BETWEEN BOX AMO 
AV/ICE COCK 
SERVICE BOX FOR STREET MAIN VALVES 





BY 


DUMPED 











